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Renal  activity  expresses  itself  in  the  formation  of  urine  from  blood. 
But  the  urine  is  a  complex  product  containing  many  substances  which 
the  kidney  has  separated  from  the  blood.  Each  of  these  substances 
may  call  for  a  different  type  and  degree  of  activity  and  each  will  require 
separate  investigation  before  any  comprehensive  idea  of  the  regulation 
of  the  action  of  the  kidney  as  a  whole  can  be  attained.  In  the  prelimin- 
ary work  on  this  general  problem  which  is  reported  here,  we  have  not 
attempted  such  an  all  inclusive  study  but  have  confined  ourselves  to 
the  factors  regulating  the  process  of  urea  excretion.  We  felt  that  it 
would  be  advantageous  to  work  at  first  with  one  particular  substance 
and  only  to  go  on  to  others  after  we  had  obtained  some  experience  in 
the  difficulties  which  might  arise  and  in  the  methods  best  adapted  to 
meet  them.  We  chose  urea,  partly  because  it  is  relatively  easy  to 
make  accurate  and  numerous  measurements  of  the  urea  content  of  the 
blood  and  urine,  but  mainly  because  we  believed  that  the  regulation  of 
renal  activity  in  the  excretion  of  urea  is  simpler  than  that  of  other  im- 
portant substances  dealt  with  by  the  kidney,  such  as  water  and  chlorides. 
The  reasons  for  this  belief  have  been  summarized  elsewhere  (1). 

The  excretion  of  urea,  as  of  other  urinary  constituents  is  accomplished 
by  the  coordinated  activity  of  "living"  kidney  cells,  and  from  analogy 
with  other  biological  phenomena  it  is  to  be  expected  that  a  large  number 
of  factors  may  directly  or  indirectly  cooperate  in  determining  the  rate 
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at  which  it  is  excreted  and  that  there  may  )>e  an  intricate  play  of  action 
and  reaction  among  these  factors.  This  probable  complexity  and  our 
quite  certain  ignorance  of  even  the  main  features  of  the  process  of  urea 
excretion,  indicate  that  the  initial  work  must  he  of  a  simple  qualitative 
nature.  We  must  In?  satisfied,  as  a  first  step,  with  trying  to  find  which 
of  the  many  possible  factors  are  actually  operative  and  which  of  these 
are  the  more  important. 

With  this  end  in  view  we  have  measured  the  rate  of  urea  excretion 
in  a  large  number  of  animals  under  certain  fixed  conditions.  Having 
thus  established  an  average  rate  and  its  range  of  variation,  we  have 
proceeded  to  observe1  the  effect  of  experimental  alterations  in  one  after 
another  of  the  possible  factors,  the  conditions  otherwise  Is-ing  kept 
as  far  as  possible  the  same. 

As  originally  planned,  and  up  to  a  certain  point  carried  out,  it  was 
intended  that  normal  human  individuals  should  lie  the  subjects  of  study 
but  problems  presented  themselves  requiring  procedures  applicable 
only  in  animal  experiments,  and  in  tne  following  attempts  at  their 
elucidation  rabbits  have  been  used.  This  change  made  it  necessary 
to  start  the  whole  work  again  from  the  beginning,  for  the  rabbit's 
average  rate  of  urea  excretion  and  its  variability  had  to  he  found  for 
the  particular  conditions  chosen  as  our  standard  before  it  was  possible 
to  go  on  to  estimate  the  degree  of  influence  of  any  particular  factor. 

An  a  priori  consideration  of  the  subject  would  suggest  that  the  factors 
determining  the  rate  of  urea  excretion  may  !*■  divided  into  two  classes, 
those  associated  with  the  kidney  itself  and  those  associated  with  the 
blood  and  urine  which  fonn  the  immediate  environment  of  the  kidney 
cells.  In  general  the  first  group  will  comprise  limiting  factors  which 
are  relatively  constant— the  quantity  and  quality  of  the  structure  of  the 
renal  secreting  tissue—while  the  second  group  will  contain  factors  which 
are  unstable  and  fluctuating.  If  the  influence  on  renal  function  of 
these  two  groups  of  factors  could  lie  separated  in  practice  as  well  as  in 
theory,  if  it  were  possible  to  measure  the  effect  of  the  amount  and 
quality  of  the  secreting  tissue  of  the  kidney  alone,  (his  classification 
would  Is1  of  fundamental  importance  for  clinical  medicine.  It  would 
allow  of  a  distinction  between  those  alterations  in  function  which  arc  of 
ch-eiitial  value  in  diagnosis  and  prognosis  liecausc  they  are  permanent 
and  determined  by  fixed  anatomical  peculiarities  in  renal  structure,  and 
thciM-  which  are  non-e**cut ial  and  Iran-icnt  Is-eailse  they  have  their 
origin  in  the  ever  changing  environment  of  the  kidney  cells.  Our 
ultimate  object  ha*  been  to  draw  such  a  dir-tinction  to  at  least  such  a 
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degree  as  to  render  it  of  practical  value.  In  attempting  this  we  have 
first  studied  the  factors  associated  with  the  immediate  surroundings 
of  the  kidneys  and  have  tried  to  eliminate  the  influence  of  the  factors 
associated  with  kidney  structure  by  working  with  rabbits  of  not  very 
diverse  weights  and  particularly  by  using  the  same  animals  repeatedly 
both  under  standard  conditions  and  under  conditions  in  which  one  or 
other  of  the  factors  considered  was  changed. 

There  is  one  variable  factor,  the  concentration  of  urea  in  the  blood, 
which  would  be  first  thought  of  as  likely  to  be  of  importance  in  deter- 
mining the  rate  of  urea  excretion.  A  comparison  of  rates  measured  over 
periods  during  which  the  blood  urea  concentration  varies  does  in  fact 
show  that,  as  a  general  rule,  the  higher  the  level  of  the  concentration  of 
urea  in  the  blood,  the  greater  is  the  rate  at  which  urea  is  excreted.  Now 
we  have  not  found  it  possible  by  any  uniformity  in  external  conditions 
to  prevent  the  occurrence  of  considerable  fluctuations  in  blood  urea 
concentration  even  in  the  same  animal.  The  inconstancy  of  this  factor 
introduces  an  internal  variable  into  our  standard  conditions  which  is 
beyond  our  power  to  control  and  whose  effect  is  to  produce  such  wide 
differences  in  rates  measured  under  these  standard  conditions  that  the 
effect  of  any  other  factor  experimentally  introduced  would  have  to  be 
very  marked  indeed  to  be  capable  of  demonstration.  But  the  fact 
that  this  variable  can  be  measured  and  taken  into  consideration  in 
comparing  rates,  puts  into  our  hands  a  means  of  obviating  this  difficulty. 
When  we  find  that  rates  measured  at  the  same  blood  urea  concentration 
are  nevertheless  different,  we  may  conclude  that  the  difference  is  due 
to  the  intervention  of  other  factors  than  blood  urea  concentration.  Or 
when  we  find  that  by  increasing  the  incidence  of  any  particular  factor 
we  sensibly  alter  the  average  rate  from  that  obtained  at  the  same  levels 
of  blood  concentration  under  our  standard  conditions,  we  may  regard 
this  alteration  as  an  indication  that  the  factor  in  question  is  operative, 
and  we  may  take  the  nature  and  the  degree  of  change  which  it  induces 
as  indicative  of  its  mode  of  action  and  of  its  importance  in  comparison 
with  other  factors. 

This  first  paper,  accordingly,  deals  with  the  determination  of  the 
average  rate  of  urea  excretion  under  uniform  external  conditions  for 
each  level  of  blood  urea  concentration.  This  having  been  determined 
t  becomes  possible  to  estimate  the  influence  of  another  variable  factor 
n  the  environment  of  the  kidney  which  can  be  accurately  measured, 
the  effect  of  variations  in  the  concentration  of  urea  in  the  urine. 
These  questions  have  already  been  dealt  with  in  our  work  on  man,  but 
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apart  from  the  fact  that  they  form  a  necessary  preliminary  for  further 
investigation  on  the  rabbit,  the  observations  here' recorded  extend  the 
scope  of  the  original  study  so  far  as  the  blood  urea  concentration  is 
concerned,  since  the  effect  of  a  much  wider  range  of  variation  in  con- 
centration could  be  determined  than  was  possible  under  the  restrictions 
required  by  care  for  the  safety  and  comfort  of  human  subjects. 


When  the  animals  were  not  being  used  they  were  kept  together  in 
large  cages  in  the  animal  room,  except  in  springtime  when  it  was 
found  necessary  to  separate  them  in  order  to  prevent  them  from  killing 
each  other  in  fights.  They  were  all  males.  Once  a  day,  about  10  a.m., 
they  were  given  crushed  oats,  alfalfa  and  sometimes  stale  bread.  Water 
was  not  restricted.  When  observations  were  to  be  made  on  any 
particular  animal  it  was  brought  to  the  laboratory  on  the  afternoon  of  the 
the  previous  day  and  placed  in  a  small  metabolism  cage.  No  food  and 
no  water  was  given  until  the  experiment,  which  began  next  day  at  9 
a.m.,  was  ended.  Our  object  was  to  exclude  as  far  as  possible  such 
variations  in  kidney  function  as  might  be  associated  with  differences 
in  the  food  and  water  previously  taken. 

The  conditions  having  thus  been  made  uniform,  at  least  to  a  certain 
extent,  measures  were  taken  to  induce  all  degrees  of  variation,  including 
the  most  extreme,  in  the  concentration  of  urea  both  in  the  blood  and 
in  the  urine.  This  was  done  by  the  administration  of  varying  quantities 
of  urea  and  of  water. 

The  time-relationships  which,  quite  unexpectedly,  were  found  to  be 
of  considerable  importance,  were  the  same  in  all  experiments.  Starting 
in  the  morning  about  9  a.m.,  the  stomach  tube  was  passed  in  all  cases 
whether  a  urea  solution  or  water  or  nothing  at  all  was  given.  The 
animal  was  then  placed  on  its  back  in  a  comfortable  holder  and  the 
bladder  emptied  by  catheter  and  washed  with  a  known  volume  of 
water.  It  was  then  returned  to  a  sped*'  cage  built  over  a  glass  funnel 
so  that  if  by  chance  any  urine  were  passed  between  the  periods  of  ealhe- 
terisation,  it  should  not  be  lost. 

Half  an  hour  later  a  little  more  than  1  cc.  of  oxalated  blood  was 
obtained  by  puncturing  the  marginal  ear  vein  after  it  had  lieen dilated 
by  warming  over  an  electric  light  bulb.  In  the  early  part  of  the  work, 
duplicate  estimations  on  S  cc.  quantities  were  made;  later  duplicates 
on  I  cc.  amounts,  and  during  the  last  year  with  the  successive  improve- 
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ments  in  the  technique  of  aeration  and  titration  which  have  been  de- 
scribed by  Barnett  (2),  we  have  usually  carried  out  only  one  estimation 
on  1  cc.  of  blood. 

One  hour  after  the  bladder  had  been  emptied,  the  urine  was  collected 
by  catheter,  its  volume  measured  and  the  bladder  again  washed  out 
with  a  known  volume  of  water,  any  excess  returned,  being  added  as  a 
correction  to  the  quantity  already  measured.  The  mixed  urine  and 
wash  water  was  then  diluted  to  an  extent  dependent  on  the  quantity  of 
urea  expected  with  water  containing  sufficient  HjSO«  to  make  it  acid  and 
so  prevent  decomposition  of  urea  by  urease  containing  organisms. 
Because  they  are  easier  to  catheterize  only  male  rabbits  were  used. 
Great  care  was  taken  to  make  sure  that  the  bladder  was  completely 
emptied.  The  bladder  is  often  so  toneless  that  simple  catheterization 
is  not  enough.  The  abdominal  wall  must  be  compressed,  and  the 
catheter  alternately  withdrawn,  reintroduced  and  rotated.  There  is 
also  a  considerable  degree  of  variation  in  the  size  of  the  urethra  and  the 
catheter  selected  must  be  large  enough  to  prevent  urine  escaping  by  its 
side.  A  basin  or  funnel  was  used  to  catch  urine  which,  in  spite  of  all 
precautions,  was  sometimes  passed  in  this  way.  In  a  considerable 
number  of  the  experiments  in  which  urea  was  not  given,  the  washing 
of  the  bladder  was  omitted.  We  were  inclined  at  first  to  think  that  the 
error  in  the  calculation  of  the  urea  concentration  of  the  urine  which 
might  be  introduced  by  wash  water  left  in  the  bladder,  might  be  of 
greater  importance  than  the  increased  accuracy  which  this  procedure 
gives  to  the  determination  of  the  rate  of  urea  excretion.  In  these  experi- 
ments, however,  the  volumes  of  urine  were  large  because  of  the  diuretic 
effect  of  the  urea,  so  that  the  error  arising  from  leaving  a  little  urine  in 
the  bladder  was  relatively  small.  In  experiments  in  which  the  volumes 
of  urine  were  small  it  was  obvious  that  washing  was  imperative,  and  in 
all  these  cases  it  was  done. 

At  the  end  of  the  second,  third  and  fifth  hours,  the  same  process  of 
catheterization  was  repeated, and  at  the  middle  of  each  of  these  periods 
blood  was  collected.  For  each  experiment  therefore  four  collections 
of  urine  were  made,  each  with  its  corresponding  collection  of  blood. 

The  urea  estimations  in  both  urine  and  blood  were  made  with  Mar- 
shall's urease  method,  using  for  the  urine  the  titration  method  with  the 
modifications  we  have  already  detailed,  (3)  and  for  the  blood  the  aera- 
tion method  with  the  slight  changes  which  we  described  before,  and 
latterly  with  the  refinements  introduced  by  Barnett  (2).' 
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The  rate  of  urea  excretion,  whether  observed  over  a  one  or  a  two 
hour  period,  is  in  all  cases  given  as  the  rate  per  hour  in  milligrams,  the 
blood  urea  concentration  as  milligrams  per  100  cc.  of  blood,  and  urine 
urea  concentration  as  grama  per  100  cc. 

The  data  were  collected  in  this  manner  because  the  effect  of  changes 
in  blood  or  urine  concentration  on  the  rate  of  urea  excretion  should 
be  capable  of  demonstration  when  the  various  rates,  with  the  concen- 
trations of  urea  found  to  exist  during  the  periods  over  which  they  were 
measured,  are  compared.  In  the  case  of  the  data  on  the  blood  urea 
concentration  this  involves  the  assumption  that  the  concentration 
measured  at  the  middle  of  a  period  of  urine  collection  represents  the 
average  concentration  existing  throughout  the  whole  of  that  period. 
This  of  course  is  not  necessarily  the  case,  but  since  the  periods  of  urine 
collection  were  never  more  than  two  hours,  the  error  can  seldom  have 
been  large  and  cannot  invalidate  merely  qualitative  deductions  drawn 
from  the  general  trend  of  a  large  number  of  observations. 

It  might  also  lie  questioned  whether  it  is  right  to  assume,  as  we  in 
fact  do,  that  the  concentration  of  urea  found  in  blood  removed  from  an 
ear  vein  is  the  same  as  that  in  the  blood  supplied  to  the  kidney,  but 
since  we  were  unable  to  find  any  significant  difference  in  the  urea  con- 
centration of  blood  obtained  from  the  jugular  vein,  the  carotid  and  the 
femoral  artery,  and  the  concentration  in  blood  removed  at  the  same 
time  from  the  renal  artery  of  the  rabbit,  we  believe  that  this  assumption 
is  justified. 

Regulation  of  urea  excretion  by  the  concentration  of  urea  in  the  blood.  In 
figure  1  each  hourly  rate  of  urea  excretion  is  represented  as  a  point  on  a 
chart  in  which  the  ordinate  gives  the  magnitude  of  the  rate  and  the 
at>sci*sa  the  level  of  blood  urea  concentration  observed  at  the  time  the 
rate  was  measured.  In  these  circumstances  if  there  is  some  relation 
between  the  two  in  the  sense,  for  instance,  that  an  increase  in  blood 
concentration  is  accompanied  by  an  increase  in  rate,  we  should  find  that 
relation  depicted  as  a  rise  in  the  ordinates  from  the  left  to  the  right  of 
the  chart.  It  will  be  seen  that  in  a  general  sense  there  is  evidence  of 
such  a  relationship  in  the  manner  in  which  the  points  are  grouped.  The 
average  rate  is  shown  in  the  curve  and  demonstrates  that,  on  an  average, 
each  increase  in  blood  urea  concentration  is  accompanied  by  an  increase 
in  the  rate  of  urea  excretion. 

The  very  pronounced  deviations  of  many  of  the  rates  from  the  curve 
of  the  average,  make  it  almost  unnecessary  to  point  out  that  this  curve 
cannot  l>e  used  as  a  basis  for  any  mathematical  deductions  as  to  the 
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quantitative  effect  of  changes  in  blood  urea  concentration  on  the  rate 
of  excretion.  Before  that  could  be  done  we  should  require  the  assur- 
ance either  that  all  other  factors  had  remained  constant  or  that  the 
factors  which  accelerated  the  rate  had  had  their  effect  exactly  neutral- 
ized by  factors  which  depressed  the  rate.  But  mere  uniformity  in 
food  and  water  supply  and  in  the  manipulations  to  which  the  animals 
were  subjected,  does  not  give  us  any  right  to  suppose  that  either  of  these 
conditions  was  fulfilled  in  our  experiments.  These  crude  methods 
certainly  did  not,  for  instance,  insure  a  constancy  in  the  composition 
or  in  the  amount  of  the  blood  supplied  to  the  kidney.  Therefore  when 
we  find,  as  we  do,  that  by  experimentally  increasing  the  blood  urea 
concentration  we  bring  about  an  increase  in  the  average  rate  of  urea 
excretion,  all  we  have  accomplished  is  a  demonstration  that  the  level 
of  blood  urea  concentration  is  a  factor  whose  effect  on  the  activity  of  the 
kidney  in  the  excretion  of  urea  is  so  marked  that  its  influence  can  be 
traced  in  spite  of  the  probable  confusion  and  distortion  introduced  by 
the  simultaneous  inconstancy  of  other  factors. 

Regulation  of  urea  excretion  by  the  concentration  of  urea  in  the  urine. 
Figure  1  shows  that  even  at  the  same  blood  urea  concentration  there 
may  be  very  wide  differences  in  the  rate  of  urea  excretion.  But  though 
in  these  cases  the  blood  urea  concentration  was  constant,  there  was 
another  possible  factor,  the  urine  urea  concentration,  which  varied. 
It  is  possible  that  the  inconstancy  of  this  factor  played  an  appreciable 
part  in  determining  the  observed  differences  in  rates  measured  at  the 
same  blood  concentration.  From  a  strictly  physical  point  of  view,  it 
may  even  be  said  to  be  probable.  For  we  know  that  changes  in  the 
concentration  of  urea  in  the  blood  on  one  side  of  the  kidney  cell  have 
an  influence  on  the  rate,  and  it  would  therefore  seem  likely  that  changes 
in  the  concentration  of  urea  in  the  urine  on  the  other  side  of  the  cell 
should  also  have  some  effect.  The  urea  already  taken  from  the  blood 
into  the  cell  should  diffuse  more  rapidly  into  a  urjne  of  low  urea  con- 
centration than  into  one  in  which  the  urea  concentration  was  high, 
and  vice-versa.  If  this  were  so  we  should  find  that  those  rates  which 
are  greater  than  the  average,  and  thus  lie  above  the  curve  in  figure  1, 
are  especially  those  in  which  the  urinary  concentration  was  low,  and 
that  those  smaller  than  usual,  and  so  falling  below  the  curve,  are  those 
in  which  there  was  a  high  concentration  of  urea  in  the  urine. 

We  have  the  data  required  for  testing  this  hypothesis.  If  each  rate 
is  plotted  on  a  chart  in  which  the  ordinate  measures  its  distance  above 
or  below  the  curve  in  figure  1,  and  the  abscissa  the  c6ncentration  of  urea 
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in  the  urine,  we  shall  find,  if  it  is  correct,  that  the  points  will  group 
themselves  on  either  side  of  a  line  running  downwards  from  the  left 
to  the  right  of  the  chart. 

This  has  been  done  in  figure  2.  There  is  no  evident  grouping.  The 
points  are  scattered  more  or  less  uniformly  all  over  the  chart  so  that  the 
curve  of  the  average  deviation  coincides  roughly  with  the  sero  line  of  the 
ordinate  scale.  Therefore  the  particular  hypothesis  we  put  forward  is 
incorrect,  and  further,  no  other  hypothesis  of  the  manner  in  which  the 
urea  concentration  of  the  urine  influences  the  rate  of  urea  excretion  is 
valid,  since  the  chart  indicates  that  there  is  no  appreciable  effect  at  all. 
The  same  conclusion  necessarily  follows  in  regard  to  the  possibility  of 
changes  in  the  volume  of  urine  being  a  factor  whose  influence  is  of  suffi- 
cient importance  to  be  capable  of  demonstration  under  the  conditions 
of  our  experiments. 

DISCUSSION 

In  a  recent  monograph  Cushny  says, 

The  formation  of  the  Glomerular  filtrate  i«  due  to  a  blind  physical  force,  the 
absorption  in  the  tubulea  ia  equally  independent  of  any  discrimination,  for  the 
fluid  absorbed  is  always  the  same,  whatever  the  needs  of  tbe  organisms  at  the 
moment  (4). 

Those  who  bold  such  views  will  expect  to  find  some  relation  l>etwecn 
the  urea  concentration  or  volume  of  the  urine  and  the  rate  of  urea 
excretion.  On  the  other  hand  the  demonstration  that  the  rate  is  not 
appreciably  affected  by  these  factors  will  not  be  surprising  to  those  who 
are  inclined  to  believe  that  the  mechanical  factors  influencing  the  action 
of  the  kidney  may  t>e  coordinated  and  overruled  by  a  power  which 
adapts  them  at  every  moment  to  the  needs  of  the  organism  as  a  whole. 
Our  experience  seems  to  favor  this  latter  view  for  it  shows  that  in  the 
excretion  of  urea  the  kidney  is  in  some  way  freed  from  subjection  to  the 
physical  forces  originating  in  the  composition  of  the  urine  within  its 
tubules.  That  urine  in  no  longer  a  part  of  the  organism  but  in  already 
outside  it,  and  the  adaptability  of  the  kidney  to  the  internal  require- 
ments of  the  hotly  would  Ix-  prejudiced  if  it  were  forced  to  conform  its 
action  to  variations  in  its  external  and  inert  environment. 

But  if  the  work  of  the  kidney  in  constantly  adapted  to  meet  the  re- 
quirements of  the  orgatiiKiti  as  a  whole,  how  are  the  wide  differences  in 
rates  of  urea  excretion  measured  at  the  same  blood  urea  concentration 
to  Is?  explained?    So  fur  an  its  urea  excreting  function  is  concerned  one 
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would  haVe  expected  on  this  hypothesis  to  find  the  activity  of  the  kid- 
ney directed  toward  the  maintenance  of  an  optimum  concentration 
of  urea  within  the  body.  This  would  involve  a  close  and  constant 
relation  between  the  rate  of  excretion  and  the  blood  concentration  so 
that  whenever  more  urea  entered  the  blood  stream  there  would  be  a 
proportionate  increase  in  excretion  which  would  prevent  any  marked 
change  in  this  particular  component  of  the  general  equilibrium  within 
the  body.  This  is  the  mechanism  with  which  we  are  familiar  in  the 
heat  exchange  of  warm-blooded  animals  and  in  the  excretion  of  such 
substances  as  carbon  dioxide.  But  in  the  case  of  urea  we  find  only  a 
general  average  relation  between  the  hourly  rate  of  excretion  and  the 
blood  concentration,  and  instead  of  a  constancy  in  the  concentration  of 
urea  in  the  blood  we  frequently  find  variations  of  over  100  per  cent  in 
normal  individuals  under  physiological  conditions  (5).  If  we  regard 
any  particular  blood  urea  concentration  in  figure  1,  as  representing  the 
requirement  of  the  body  for  the  excretion  of  urea,  then  the  degree  of 
scattering  of  the  rates  at  that  level  indicates  how  wide  may  be  the 
difference  between  the  amounts  of  work  performed  by  the  kidney  in 
response  to  the  same  demand.  However,  apart  from  the  possible 
fallacy  of  taking  the  blood  urea  concentration  as  the  sole  measure  of 
the  requirement  of  the  body  for  urea  excretion,  it  should  be  borne  in 
mind  that  these  differences  are  onlyfound  in  rates  observed  over  short 
periods  of  time.  We  made  a  special  study  of  this  point  in  man  and 
found  that  the  rate  of  excretion  of  pre-formed  urea  added  to  a  constant 
diet  was  remarkably  constant  for  times  of  twenty-four,  twelve  and  even 
eight  hours,  and  bore  a  close  relation  to  the  amount  of  excess  urea  in 
the  body  (6).  It  was  only  in  rates  measured  for  one-hour  periods  that 
marked  discrepancies  were  found.  Now  if  these  short-lived  irregulari- 
ties are  not  be  to  regarded  as  instances  of  a  failure  in  regulation,  they 
might  be  interpreted  as  showing  that  temporary  variations  in  blood  urea 
concentration  are  a  matter  of  indifference  to  the  body.  This  possi- 
bility is  supported  by  the  fact  that  we  have  no  knowledge  that  urea 
takes  any  part  in  the  metabolic  functions  of  the  body,  nor  any  evidence 
that  such  variations  in  blood  urea  concentration  as  are  found  interfere 
with  any  of  the  physical  or  chemical  states  essential  for  vital  processes. 
It  is  therefore  open  to  us  to  suppose  that  the  forces  regulating  the  activ- 
ity of  the  kidney  as  a  whole  may,  over  short  time  periods  at  least,  sub- 
ordinate the  excretion  of  urea  to  the  more  pressing  requirements  of  the 
moment  arising  from  the  need  for  the  retention  or  excretion  of  sub- 
stances of  greater  physiological  importance  than  urea.     It  will  be  noted 
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that  this  conception  implies  that  the  functions  of  the  kidney  in  the 
excretion  of  different  substances  are  not  entirely  independent,  so  that  a 
state  of  hyperactivity  in  the  elimination  of  chloride,  for  instance,  may 
be  necessarily  associated  in  some  degree  with  increased  work  in  the 
excretion  of  urea,  in  spite  of  the  fact  that  no  change  may  have  occurred 
in  the  urea  content  of  the  tissues  and  blood.  We  have,  some  experi- 
mental evidence,  as  yet  incomplete,  which  seems  to  be  in  favor  of  this 
view,  but  this  is  a  question  which  will  require  for  its  solution  more  direct 
evidence  than  any  which  we  have  as  yet  obtained.  The  immediately 
succeeding  papers  deal  with  the  effect  of  factors  of  another  variety  and 
suggest  another  explanation  for  variations  in  rates  measured  at  the 
same  blood  urea  concentration. 

CONCLUSIONS 

1.  In  the  rabbit  the  concentration  of  urea  in  the  blood  is  an  important 
factor  in  determining  the  rate  of  excretion  of  urea  measured  over  short 
periods  of  time.  Its  effect,  however,  only  becomes  clearly  apparent 
when  the  averages  of  many  rates  observed  at  different  levels  of  blood 
urea  concentration  arc  compared,  and  at  every  level  of  blood  concen- 
tration individual  rates  are  found  which  arc  much  higher  or  lower  than 
the  average. 

2.  Neither  the  concentration  of  urea  in  the  urine  nor  the  volume  of 
urine  are  factors  which  appreciably  influence  the  rate  of  excretion  of 
urea  under  the  conditions  of  our  experiments. 
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Although  our  immediate  aim  is  the  determination  of  the  nature  of 
the  variable  factors  influencing  urea  excretion  and  although  we  accord- 
ingly adopted  measures  intended  to  exclude  the  influence  of  factors 
associated  with  the  permanent  structure  of  the  kidney,  it  is  necessary 
to  consider  to  what  extent  we  have  failed  in  this  endeavor  and  to  attempt 
to  define  the  degree  to  which  anatomical  peculiarities  in  the  kidneys 
of  the  rabbits  we  used  may  have  influenced  our  results.  In  this  paper 
we  have  also  considered  some  effects  of  anatomical  factors  on  the  rate 
of  urea  excretion  in  general. 

It  is  conceivable  that  the  rate  of  urea  excretion  is  determined  by  only 
two  factors,  the  blood  urea  concentration  and  the  amount  and  quality 
of  the  urea  secreting  tissue  of  the  kidneys.  In  that  case  differences  in 
rates  observed  in  a  group  of  individuals  in  spite  of  constant  blood 
concentration  would  arise  from  divergences  in  the  structure  of  their 
kidneys.  In  that  case  also  in  the  same  individual  the  rate  would  be  * 
determined  solely  by  the  blood  concentration.  At  the  same  concentra- 
tion the  rate  would  always  be  the  same  and  at  different  concentrations 
we  should  find  a  constant  relation  between  the  rate  of  excretion  and  the 
level  of  blood  urea  concentration.  It  is,  of  course,  not  difficult  to  show 
that  this  conception  is  too  narrow  and  rigid  to  account,  even  approxi- 
mately, for  the  complexities  of  the  process  of  urea  excretion.  In  the 
same  individual,  for  instance,  rates  may  vary  widely  at  the  same  blood 
concentration.  We  reproduce  data  from  single  rabbits  in  illustration 
of  this  point. 

In  these  individual  cases  we  see  that  the  same  kidneys  manifest 
differences  in  rates  measured  at  the  same  blood  concentration;  differ- 
ences which  are  not  appreciably  smaller  than  those  shown  between  the 
rates  from  the  group  of  many  different  kidneys  which  are  charted  in 
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figure  1  of  the  preceding  paper.  It  is  therefore  evident  that  such  ana- 
tomical divergences  as  may  have  existed  between  the  kidneys  of  this 
group  had  only  a  relatively  insignificant  influence  in  the  production  of 
these  differences.  The  small  and  constant  differences  which  minor 
structural  variations  induce  are  obscured  by  the  large  and  variable 
differences  arising  from  the  operation  of  unknown  factors. 


i      i i      I 1 

Fin  1.  Observation*  on  a  tingle  rabbit  allowing  that  in  the  iamr  individual 
the  rate  of  urea  eicretion  may  vary  widely  though  measured  at  the  unit  or 
approximately  the  aame  blood  urea  concent  ration. 

We  have  not  made  any  detailed  and  systematic  study  of  the  degree 
of  anatomical  divergence  which  is  required  to  produce  a  difference  in 
function  ho  marked  that  it  will  not  tie  obscured  by  variable  factors. 
From  the  practical  point  of  view  that  is  a  question  of  great  importance, 
but  it  would  l>e  Ix-st  to  undertake  it  when  more  itt  known  n*  to  the 
nature  of  th<"*e  unknown  factors  and  iiffr  means  are  il'-vi^-d   under 
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which  their  action  is  controlled  or  rendered  less  variable.  From  the 
few  observations  we  have  made  under  the  conditions  of  our  present 
experiments,  it  would  appear  that  within  the  same  species  it  is  only 
when  differences  between  amounts  of  kidney  tissue  transcend  the 


Fig.  2.  Observations  on  a  single  rabbit  showing  that  in  the  same  individual 
rates  may  vary  widely  though  measured  at  the  same  or  approximately  the  same 
blood  urea  concentration. 

range  of  normal  adult  variability,  that  a  corresponding  difference  in 
function  becomes  clearly  apparent. 

In  two  unusually  large  rabbits,  each  weighing  about  3000  grams, 
the  average  of  twelve  hourly  rates  of  urea  excretion  was  421  mgms., 
the  blood  concentration  averaging  197  mgrps-  per  100  cc.  In  four 
very  small  rabbits  ranging  from  350  to  515  grams,  the  average  of 
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sixteen  determinations  carried  out  under  the  same  conditions  wan  only 
130  mgins.,  although  the  urea  eonccntration  was  243  mama,  per  100  ec. 
Therefore  marke<l  differences  in  Imdy  weight,  and  ho  presumably  in 
kidney  weight,  between  animals  of  the  same  species,  are  sufficient  to 
load  to  quite  pronounced  differences  in  rates  of  urea  excretion. 

We  used  only  medium  sized  animals  in  all  other  experiments,  hut  it 
was  not  feasible  to  adopt  a  very  rigid  standard  and  it  is  probable  that 
some  part  of  the  variability  in  rales  measured  at  high  blood  concentra- 
tions arose  from  differences  in  the  quantity  of  renal  tissue  in  our  animals. 

We  also  could  not  be  sure  that  the  qualitative  anatomical  changes 
produced  in  the  kidney  by  either  general  or  local  disease  were  not 
important  factors  in  certain  cases.  Our  rabbits  unfortunately  were 
not  always  in  good  health.  A  considerable  numlicr  died  from  natural 
causes.  In  these,  coccidiosis  was  usually  the  only  gross  lesion  dis- 
covered. There  was  also  a  condition,  frequently  only  temporary', 
characterized  by  loss  of  weight  and  by  a  rise  in  blood  urea  concentra- 
tion, usually  most  pronounced  in  those  animals  in  which  the  greatest 
emaciation  had  occurred.  But  there  was  not  by  any  means  always  an 
appreciable  defect  in  the  urea  excreting  capacity  of  the  kidney  in  this 
condition.  Indeed,  we  sometimes  saw  kidney  function  continue  un- 
disturbed almost  up  to  the  very  moment  of  death.  On  the  other  hand, 
we  occasionally  came  across  animals  in  which  renal  activity  was  at  a 
level  much  lower  than  the  average,  although  they  presented  no  signs 
or  symptoms  of  disease.  Even  post  mortem  examination  of  the  kid- 
neys did  not  give  any  sure  guidance  in  determining  the  normality  or 
abnormality  of  our  animals.  This  wan  because  we  used  the  rabbits  in 
repeated  experiments  and  only- examined  the  kidneys  when  they  died 
from  natural  causes.  The  acute  diffuse  degenerative  renal  lesions  which 
were  found  in  some  of  these  cases  could  rarely  Ik*  associated  with  func- 
tional changes,  since  the  time  at  which  they  originated  could  not  lie 
fixed.  There  was  also,  of  course,  the  usual  high  percentage  of  rases  of 
so-called  spontaneous  nephritis,  a  focal  interstitial  lesion  which  did  not 
appear  to  have  any  appreciable  effect  on  function.  Chemical  nnVt 
microscopical  examination  of  the  urine  would  |>crhaps  have  been  the 
lust  way  to  exclude'  animals  with  diseased  kidneys,  but  as  is  well  known, 
albuminuria  is  almost  constant  in  caged  rabbits,  and  from  the  nature 
of  the  urine  casts  are  often  difficult  to  find. 

In  the  end  we  decided  that,  since  we  had  no  very  reliable  rriterion. 
it  would  Is-  better  to  make  no  attempt  at  selection  at  all.  The  only 
observatiens  we  have  rejected  are  those  made  on  aJiiinnls  which  died 
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during  the  course  of  the  experiment  or  very  shortly  afterwards.  In 
preliminary  work  of  this  sort  in  which  a  considerable  mass  of  data  has 
been  collected,  the  inclusion  of  all  observations  is  perhaps  the  most 
satisfactory  method.  For  though  we  thereby  lose  precision  and  detail 
in  our  deductions,  we  may  at  least  feel  sure  that  any  general  conclusions 
which  may  be  reached  are  unbiassed  by  a  selection,  necessarily  more  or 
less  arbitrary,  from  which  it  would  have  been  hard  to  exclude  the  per- 
sonal factor. 

We  have  confined  discussion  so  far  to  the  influence  of  anatomical 
factors  as  possible  causes  of  differences  between  rates  of  urea  excretion 
observed  in  animals  of  approximately  the  same  size  and  measured  at 
the  same  blood  urea  concentration,  that  is  to  say  as  possible  explanations 
of  the  high  degree  of  scattering  shown  in  figure  1  of  the  first  paper.     It 


TABLE  1 

a  excretion  in  the  rabbit  and  ti 
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is  only  from  this  aspect  that  any  influence  they  may  have  is  of  moment 
so  far  as  our  present  investigation  is  concerned.  We  have  shown  that 
from  this  point  of  view  their  effect  is  small  and  uncertain. 

But  from  a  wider  standpoint  the  anatomical  factor  of  kidney  size  is 
of  primary  importance  in  regulating  the  rate  of  urea  excretion.  Other 
factors  may  regulate  the  activity  of  the  kidney  so  that  a  quite  wide 
range  of  rates  is  found  at  any  given  blood  urea  concentration,  but  the 
value  of  the  average  rate  round  which  these  variations  occur  is  de- 
termined by  the  size  of  the  kidney.  This  becomes  apparent  on  com- 
paring the  average  rates  yielded  by  kidneys  of  widely  different  sizes,  as 
for  instance  the  kidney  of  man  and  of  the  rabbit.  In  the  above  table 
the  contrast  is  carried  only  as  far  as  a  blood  concentration  of  90  uigms., 
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since  no  average  baaed  on  a  sufficient  number  of  observations  was  ob- 
tained from  man  beyond  that  point. 

It  is  here  shown  that  the  average  rate  in  man  is  rather  more  than 
thirty  times  greater  than  in  the  rabbit.  Approximately  a  man  weighs 
thirty  times  more  than  a  medium  sized  rabbit.  From  the  relation  which 
exists  between  body  weight  and  kidney  weight  there  is  presumably 
about  thirty  times  more  renal  tissue  in  man  than  in  the  rabbit.  The 
order  of  magnitude  of  the  average  rate  of  urea  excretion  appears  there- 
fore to  be  a  function  of  the  sise  of  the  kidney. 

The  form  of  the  curve  of  the  rate  of  urea  excretion  is  different  from 
the  similar  curve  in  man.  The  form  of  the  curve  of  the  ratio  between 
the  urea  content  of  the  urine  and  of  the  blood  is  also  necessarily  differ- 
ent. This  ratio  is  an  expression  we  have  found  convenient,  especially 
for  statistical  purposes.  It  is  obtained  by  dividing  the  urea  content 
of  one  hour's  urine  by  the  urea  content  of  100  cc.  of  blood.  When  the 
rates  charted  in  figure  1  of  the  first  paper  are  plotted  as  ratios,  the  curve 
of  the  average  ratio  1b  seen  to  rise  to  a  maximum  and  then  to  fall  (see 
fig.  3).     The  similar  curve  in  man  shows  no  such  declension. 

But  in  man  the  curves  were  only  carried  to  a  concentration  of  100 
mgms.  per  100  cc.  while  in  the  rabbit  they  are  carried  as  far  as  400  mgms. 
per  100  cc.  If  we  had  forced  the  blood  urea  concentration  as  high  in 
man  as  in  the  rabbit  the  analogous  curves  might  have  followed  the  same 
course.  Within  the  concentrations  at  which  they  can  be  compared, 
there  is  no  essential  difference. 

The  gradual  rise  of  the  ratio  curve  up  to  a  certain  level  of  blood  con- 
centration and  its  subsequent  decline  at  still  higher  levels  resembles  the 
type  of  curve  obtained  when  the  work  output  of  a  muscle  is  charted 
under  successively  increasing  loads.  The  rise  in  the  ratio  might  then 
be  regarded  as  the  effect  of  strain  on  the  activity  of  the  kidney  and  its 
fall  as  the  effect  of  over-strain. 

But  the  mode  of  energy  transmission  is  so  radically  different  in  muscle 
as  compared  with  kidney  tissue,  that  this  analogy  may  Ik-  misleading. 
It  is  also  necessary  to  be  cautious  in  drawing  deductions  from  the  form 
of  curves  constructed  from  such  heterogeneous  data  an  ours.  It  seemed 
possible,  for  instance,  that  those  olwrvations  made  when  the  blood  urea 
concentration  was  exceptionally  high  might  have  Ixt-n  drawn  in  the 
main  from  animals  whose  kidneys  were  diseased.  The  fall  in  the  curve 
would  be  much  more  convincing  if  it  were  shown  to  occur  in  animals 
whose  reaction  to  lower  urea  concentrations  had  Ix-en  shown  to  be 
normal, 
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Unfortunately  we  have  few  animals  on  which  observations  were  made 
at  several  widely  differing  blood  concentrations,  but  there  is  one  group 
of  seven  rabbits  on  which  experiments  after  no  urea,  5  grams  and  10 
grams  of  urea  were  carried  out.     The  averages  are  given  in  table  2. 

These  figures  lend  no  support  to  the  supposition  that  the  fall  of  the 
ratio  curve  in  figure  3  at  blood  concentrations  over  225  mgnis.  can  lie 
due  entirely  to  the  inclusion  of  animals  with  diseased  kidneys.  For 
this  group,  whose  kidneys  reacted  normally  at  low  and  medium  levels, 
shows  a  quite  definite  and  constant  decrease  in  the  ratio  at  concentra- 
tions over  300  mgms.  as  compared  with  those  measured  at  alxmt  200 
mgms.  We  may  therefore  conclude  that  the  decline  of  the  curve  of  the 
ratio  in  the  group  chart  represents,  qualitatively  at  least,  the  true 
reaction  of  the  normal  kidney  to  very  pronounced  and  sudden  increases 


A  companion  of  average  raUl  of  urea  exerttion  and  of  aeeragr  ratiot  from  (A*  •■ 
group  of  animal*  a*  meantred  at  tow,  medium  and  high  blood  urra  rmu-enlratior 
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in  blood  urea  concentration,  though  quantitatively  it  may  be  somewhat 
exaggerated  by  occasional  instances  of  decreased  function  due  to  patho- 
logical causes. 

Though  the  hypothesis  of  over-strain  is  thus  supported  there  is  no 
reason  to  suppose  that  this  decrease  in  the  ratio  between  urea  excreted 
and  urea  still  to  In-  excreted  is  the  result  of  a  process  similar  to  the 
"fatigue"  of  muscle.  There  is  no  evidence  that  the  products  of  the 
metalxilic  activities  of  the  kidney  accumulate  so  as  to  hamper  the  work 
of  the  secreting  cells.     And  then- in  no  relation  between  the  lime  during 

which  a  kidney  has  been  under  strain  and  the  dewi f  decrease  in  the 

ratio.  In  the  above  example,  fur  instance,  the  decrease  after  10  as 
compared  with  a  grains  of  urea  i*  mure  marked  in  the  neeund  and  third 
periods  than  in  the  last.     And  in  experiment.''  on  rabbits  in  which  the 
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blood  urea  nonce  titration  was  kept  for  days  and  even  weeks  at  an  almost 
continuously  high  level  by  repeated  doses  of  urea,  we  never  found  any 
change  in  function  which  could  be  interpreted  as  the  result  of  fatigue. 

There  is,  however,  a  factor  which  would  account  for  a  decrease  in 
ratios  at  very  high  blood  urea  concentrations.  When  the  blood  con- 
centration is  forced  higher  and  higher  by  the  administration  of  increas- 
ing quantities  of  urea,  theoretically  at  least,  a  concentration  will  at 
•  last  be  produced  at  which  the  rate  of  urea  excretion  will  have  reached 
the  maximum  to  which  the  quantity  of  renal  tissue  present  is  capable  of 
attaining.  There  the  curve  of  the  rate  must  cease  to  rise  and  must 
thereafter  move  horizontally.  There,  also,  the  curve  of  the  ratio  must 
commence  to  decline  in  proportion  to  every  further  increase  in  blood 
urea  concentration.  That  concentration  represents  the  amount  of 
work  in  urea  excretion  which  taxes  all  the  urea  secreting  tissue  of  the 
kidney  to  its  utmost  capacity. 

We  believe  that  the  flattening  of  the  rate  curve  and  the  fall  in  the 
ratio  curve  at  concentrations  above  225  mgms.  per  100  cc.  do,  in  fact, 
represent  the  effect  of  the  limiting  factor  of  kidney  size.  That  in  our 
curves  the  change  in  direction  should  not  be  sharply  denned  is  to  be 
expected,  when  it  is  remembered  that  they  are  averages  compiled  from 
data  on  a  considerable  number  of  animals,  each  with  its  own  individual 
renal  capacity. 

The  only  reason  for  doubt  lies  in  the  possibility  that  the  diminution 
in  the  relative  activity  of  the  kidney  represented  by  the  change  in  the 
direction  of  the  curves  might  arise  from  secondary  effects  and  not  as  a 
direct  result  of  an  overburdening  of  the  kidney  tissue  by  the  urea  itself. 
For  though  urea  is  perhaps  of  all  substances  the  one  to  which  the  body 
is  most  indifferent,  yet  when  such  enormous  quantities  are  given  as  are 
required  to  raise  the  blood  urea  concentration  to  over  225  mgms.  per 
100  cc.  in  subjects  whose  kidneys  are  normal,  we  are  doing  more  than 
increase  the  work  the  kidney  is  called  on  to  perform  in  the  excretion  of 
urea.  These  great  concentrations  more  or  less  suddenly  induced,  must 
tend  to  disturb  the  balance  of  molecular  concentration  in  the  tissues. 
It  has  been  shown  also  that  the  intravenous  injection  of  80  per  cent 
urea  solutions  leads,  in  rabbits,  to  an  alteration  in  the  haemoglobin 
percentage  of  the  blood,  presumably  due  to  an  increase  in  its  water 
content  (1).  And  in  man  symptoms  such  as  headache  and  inability 
for  physical  or  mental  exertion  are  induced  by  the  administration  by 
mouth  of  100  to  120  grams  of  urea,  amounts  which,  though  they  in  no 
case  raised  the  blood  urea  concentration  much  over  200  mgms.  per  100 


^Google 


20  T.  ADDIS,   A,   E.   BHKVKT  AND  G.    BBVIBB 

cc,  were  yet  followed  by  a  reduction  in  the  haemoglobin  percentage 
(2).  Further,  rabbits  are  susceptible  to  poisoning  by  ammonia  derived 
from  the  bacterial  decomposition  of  unabsorbed  urea  reaching  the  large 
intestine  (3).  A  number  of  our  animals  died  from  this  cause  after  5 
grams  of  urea  (4)  and  apparently  the  greater  the  quantity  of  urea  given 
the  more  frequently  does  ammonia  poisoning  occur.  In  the  above  group 
of  seven,  only  two  escaped  after  doses  of  15  grams.  Instances  of  non- 
fatal ammonia  poisoning  were  occasionally  seen,  so  that  it  is  not  un- 
likely there  were  a  number  of  minor  undetected  cases. 

All  these  secondary  effects  of  large  doses  of  urea  may  have  combined 
to  embarrass  the  work  of  the  kidney,  and  if  we  had  not  seen  so  many 
instances  of  urea  excretion  remaining  undisturbed  under  procedures 
involving  much  more  serious  general  disturbances  than  the  hypothetical 
ones  we  have  mentioned,  we  should  have  been  inclined  to  attach  more 
importance  than  we  do  to  this  possible  explanation. 

Though  the  change  in  direction  of  the  rate  and  ratio  curves 
is  due  to  the  limitation  on  function  imposed  by  the  structural  ca- 
pacity of  the  kidneys  yet  under  physiological  conditions  the  re- 
action of  the  kidney  to  its  environment  is  in  no  way  influenced  by 
this  ultimate  anatomical  limitation.  This  is  only  a  potential  factor 
in  the  regulation  of  renal  activity,  operative  in  extreme  cases  of 
reduction  of  kidney  size  by  disease,  or  in  the  entirely  artificial  con- 
dition arising  from  the  ingestion  of  large  quantities  of  urea.  The 
normal  kidney  has  a  possible  range  of  action  much  greater  than 
that  which  it  actually  covers.  For  if  the  average  blood  urea  concen- 
tration of  the  rabbit  be  taken  as  30  mgms.  per  100  cc,  the  fact  that  the 
ratio  continues  to  increase  up  to  a  level  of  225  mgm*.  indicates  that  the 
capacity  of  the  kidney  is  about  seven  times  greater  than  that  which  is 
just  sufficient.  In  anatomical  terms,  it  shows  that  there  is  seven  times 
more  renal  tissue  than  is  ordinarily  called  into  full  action. 

fONCLlSlONS 

1.  The  size  of  the  kidney  determines  the  order  of  magnitude  of  the 
average  rate  of  urea  excretion  at  nil  blood  urea  concentrations. 

2.  In  medium  sized  rabbits  such  differences  as  pn-sumabty  exist 
between  the  amounts  nf  renal  ti—ue  lliey  possess  lire  too  small  to  ac- 
rount  for  any  but  a  small  part  of  the  marked  difiYrenri-s  which  occur 
between  rat--  of  ur.-a  exeretinn  inea-ured  ut  the  same  blood  urea  con- 
centration. 
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3.  There  is  no  marked  increase  in  the  average  rate  of  urea  excretion 
in  rabbits  when  the  blood  urea  concentration  rises  higher  than  225 
mgrna.  per  100  cc.  This  is  interpreted  as  indicating  that  about  that 
level  of  blood  urea  concentration,  the  activity  of  the  kidney  becomes 
limited  by  the  factor  of  kidney  size. 
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The  excretion  of  urea  is  regulated  not  only  by  the  blood  urea  con- 
centration and  by  the  amount  of  active  secreting  tissue  in  the  kidney, 
but  also  by  other  and  unknown  factors.  The  operation  of  these  factors 
is  demonstrated  by  the  occurrence  in  the  same  animal  of  differences 
between  rates  measured  at  the  same  blood  concentration,  and  their 
scope  of  action  is  indicated  by  the  extent  of  these  differences.  In 
this  paper  an  analysis  of  some  general  features  of  these  differences  has 
been  made  in  the  hope  that  some  information  might  be  obtained  in 
regard  to  the  mode  of  action  of  the  factors  through  whose  intervention 
they  arise,  and  especially  in  order  to  obtain  a  foundation  for  deductions 
as  to  the  method  best  adapted  for  a  more  particular  investigation  of 
their  nature. 

The  effect  of  the  unknown  factors  varies  progressively  in  consecutive, 
observations.  It  will  be  remembered  that  in  each  experiment  four 
consecutive  collections  of  urine  and  of  blood  were  made.  When  no 
urea  was  given,  the  blood  urea  concentration  remained  at  about  the 
same  level  throughout  each  of  these  four  periods,  and  one  might  have 
confidently  expected  that  the  rate  of  urea  excretion,  though  exhibiting 
irregular  fluctuations,  should  on  an  average  also  have  remained  at 
approximately  the  same  level  since  no  food  had  been  taken  ftir  seventeen 
hours  and  there  was  no  apparent  reason  why  the  formation  and  elimina- 
tion of  urea  should  not  have  proceeded  at  a  more  or  less  even  pace, 

We  were  then-fore  surprised  to  find  that  the  rate  of  urea  excretion 
showed  a  pronounced  and  progressive  increase  in  each  successive  period 
of  the  experiment.  In  table  1  we  give  the  averages  in  each  period  of  the 
rate  of  urea  excretion  ami  blood  urea  concentration  and  of  the  ratio 
lietween  the  urea  content  of  the  urine  and  of  the  blood.  These  were 
obtained  from  forty-three  experiments  on  a  group  of  thirty-four  rabbits 
which  received  neither  water  nor  urea.     These  averages  are  given  in 
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table  1  charted  in  figure  1  and  the  details  for  each  animal  are  given  in 
table  2  at  the  end  of  the  paper. 


Pig.  1.  Showing  the  increase  in  the  rate  of  urea  excretion  in  each  successive 
observation,  in  spite  of  an  approximate  constancy  in  blood  urea  concentration. 

The  hourly  rate  of  urea  excretions  represented  by  the  blocked  areas.  The 
blood  urea  concentration  is  shown  by  dots  joined  by  lines.  The  values  for  both 
the  rate  and  the  blood  concentration  are  given  by  the  scale  on  the  ordinate  at 
the  left  of  the  chart. 

The  ratio  between  the  urea  in  one  hour's  urine  and  the  urea  in  100  cc.  of 
blood  is  given  as  circles  joined  by  lines.  The  value  is  shown  by  the  ordinate  at 
the  right  of  the  chart. 

TABLE  1 
Rate  of  urea  excretion  in  consecutive  observations  during  which  the  blood  urea  con- 
centration remained  constant.    Averages  of  43  experiments 
a  group  of  Si  rabbits 


■™> 

1<M  cc. 

RATIO:  - 

■a  i»  oni  ROfR-s  Dim. 

HUA    IN    100  CC.  BLOOD 

57 
86 
97 
100 

68 
68 
71 

72 

Fourth  and  fifth  hours 

1.43 
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The  blood  urea  concentration  remains  practically  constant,  varying 
only  between  68  and  72  mgms.  and  yet  the  hourly  rate  of  excretion  in- 
creases from  57  mgms.  in  the  first  period  to  86  mgms.  in  the  second,  to 
97  in  the  third  and  to  100  mgms.  in  the  last.  This  means  that  in  some 
way  an  increase  in  the  urea  excreting  activity  of  the  kidney  had  gradu- 
ally taken  place  for  at  its  highest  point,  where  100  mgms.  are  excreted 
per  hour  or  2.4  grams  per  24  hours,  we  have  a  rate  which  is  considerably 


Fig.  2.  Showing  the  decreau  m  tlio  variability  u;  the  rate  of  i 
the  concentration  of  urns  in  the  Mood  increaaea.    Variability  i»  measured  by  the 
percentage  standard  deviation  from  the  average  rate  of  urea  excretion. 

greater  than  that  shown  by  medium  sized  rabbits  for  the  first  24  hours 
of  abstinence  from  food  and  water,  when  they  are  left  undisturbed  and 
are  not  subjected  to  manipulation. 

This  progressive  rim-  can  be  attributed  neither  to  anatomical  factors 
nor  to  changes  in  blood  urea  concentration.  It  is  an  example  of  the 
effect  of  unknown  factors  which  so  regulate  the  action  of  the  kidney  as 
to  lead  to  an  increasing  efficiency  in  the  excretion  of  urea  with  the 
passage  of  time  from  the  commencement  of  the  experiment. 
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Conditions  which  influence  the  variability  in  urea  excretion  produced 
by  unknown  factors.  A  knowledge  of  the  conditions  under  which  the 
operation  of  these  unknown  factors  is  most  clearly  manifested  is  of 
importance  in  the  selection  of  the  experimental  conditions  best  adapted 
for  their  study;  for  an  experimental  intensification  of  a  factor  suspected 
of  belonging  to  this  group  may  perhaps  only  yield  a  significant  deviation 
from  the  usual  mode  of  action  of  the  kidney  if  the  control  standard  has 
been  established  under  conditions  in  which  the  kidney  is  most  sensitive 
to  the  influence  of  the  factor  in  question. 

Undoubtedly  the  most  important  of  these  conditions  is  that  the  time 
over  which  kidney  function  is  measured  should  be  short.  The  unknown 
factors  produce  only  evanescent  fluctuations  in  kidney  activity  which 
rise  and  fall  and  quickly  tend  to  counterbalance  one  another  (1).  Their 
action  must  therefore  necessarily  be  investigated  over  short  time  inter- 
vals such  as  we  have  adopted. 

The  level  of  blood  urea  concentration  is  another  condition  which  has 
a  considerable  influence.  The  absolute  variability  at  each  level  of  blood 
concentration  is  shown  in  the  degree  of  deviation  of  the  points  above 
and  below  the  curves  of  the  average  in  the  rate  and  ratio  charts.  But 
the  true  measure  of  variability  iB,  of  course,  relative  and  not  absolute. 
In  figure  2  the  curve  of  the  percentage  standard  deviation  from  the 
average  rate  is  given. 

It  will  be  noted  that  the  variability  is  greatest  when  the  blood  urea 
concentration  is  low,  and  decreases  the  higher  it  rises. 

The  time  relationships  of  consecutive  observations  also  influence  the 
variability,  for  during  the  first  hour  the  variability  is  higher  than  in 
subsequent  periods.  Thus  in  thirty-five  experiments  on  a  group  of 
twenty-seven  rabbits,  whose  blood  urea  concentration  remained  at  a 
constant  level,  the  standard  deviation  of  the  ratio  was  43  per  cent  of 
the  arithmetical  mean  in  the  first  period,  and  fell  to  34  per  cent,  35  per 
cent  and  36  per  cent  respectively  for  the  three  remaining  periods. 

DISCUSSION 

This  analysis  of  the  data  given  in  the  first  paper  of  this  series  allows 
us  to  form  some  conclusion  as  to  the  methods  most  likely  to  prove 
effective  in  an  inquiry  into  the  nature  of  the  factors  we  have  grouped 
under  the  term  unknown. 

In  the  first  place,  the  great  variability  of  rates  or  of  ratios  measured 
at  constant  blood  concentration  under  our  standard  conditions  makes 
it  plain  that  statistical  methods  must  be  applied  before  weight  can  be 
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attached  to  deviations  found  under  experimental  conditions.  It  will 
manifestly  not  be  enough  to  compare  single  experiments.  The  averages 
of  groups  must  be  the  unit  of  comparison  and  the  degree  to  which  chance 
might  account  for  any  observed  difference  between  averages  must  be 
calculated  and  taken  into  account. 

We  have  shown  that  it  jb  highly  probable  that  in  certain  cases  ana- 
tomical factors  played  a  part  in  the  production  of  such  differences 
between  rates  or  ratios  in  different  animals  as  were  not  due  to  variation 
in  blood  urea  concentration.  Since  we  wish  to  eliminate  all  factors 
associated  with  structural  peculiarities,  we  must  obtain  our  average 
results  on  a  group  of  animals  under  standard  conditions  and  then  repeat 
the  work  on  the  same  group  under,  as  far  as  possible,  the  same  conditions 
except  for  the  introduction  of  the  factor  whose  effect  we  wish  to  test. 

The  remarkable  increase  in  rates  and  ratios  over  consecutive  hours  of 
bleeding  and  catheterization  indicates  that  in  watching  for  the  effect 
of  any  experimental  factor,  we  must  not  be  satisfied  with  the  average 
rate  over  the  whole  five  hours  of  observation,  but  must  also  attach 
importance  to  any  statistically  significant  deviation  from  the  progressive 
increase  in  successive  hourly  rates  and  ratios,  which  wc  have  found  to 
be  characteristic  of  the  mode  of  regulation  under  the  conditions  adopted 
as  our  standard. 

Finally,  we  may  expect  to  find  (he  kidney  more  susceptible  to  the 
effect  of  the  factors  under  investigation  over  short  time  periods  when 
the  blood  urea  concentration  is  low  and  particularly  during  the  first 
period   of  observation. 

CONCLUSIONS 

1.  There  is  a  progressive  increase  in  the  rate  of  urea  excretion  in 
consecutive  observations  on  rabbits  subjected  to  catheterization  and 
bleeding,  so  that  at  the  last  the  rate  is  nearly  twice  as  great  as  at  the 
commencement  of  the  experiment  and  exceeds  the  rate  yielded  by  the 
rabbit  under  the  same  conditions  except  ft»r  the  absence  of  handling. 
This  increase  in  the  activity  of  the  kidney  occurs  in  spite  of  the  alwence 
of  any  change  in  blood  urea  concentration. 

2.  The  variability  of  rates  or  ratios  measured  at  the  same  blood 
urea  concentration  is  greater  the  shorter  the  time  of  observation,  de- 
creases as  the  blood  urea  concentration  increases,  and  in  a  series  of 
consecutive  observations  is  most  pronounced  during  the  first/ 
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Control  experiments.    No  urea 
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59" 

Z7 

50 

0.53 

38 

52 

0.75 

50 

55 

0.90 

60 

59 

1.03 

66* 

112 

126 

0.91 

167 

125 

1.33 

174 

127 

1.39 

197 

137 

1.45 

66* 

44 

58 

0.76 

64 

56 

1.16 

59 

56 

1.06 

81 

54 

1.47 

67* 

62 

55 

1  14 

85 

57 

1.50 

97 

56 

1.75 

98 

57 

1.75 

68' 

34 

40 

0  80 

40 

38 

1.10 

29 

44 

0.70 

66 

50 

1.31 

69* 

56 

59 

1.01 

86 

61 

1.30 
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63 

1  51 

107 

63 

1.65 

70* 

18 

43 

0.41 

55 

45 

1  22 

87 

45 

1.47 

95 

45 

2.14 

71 

27 

54 

0.49 

44 

57 

0.76 

52 

57 

0  92 

76 

60 

1.26 

72* 

43 

65 

0.65 

61 

66 

0.88 

67 

65 

1.03 

78 

66 

1.65 

73 

37 

54 

0.69 

64 

57 

1.12 

83 

54 

1.53 
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54 

2.35 

80 

67 

90 

0.75 
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65 

1.94 
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62 

2.32 
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60 

2.77 

82 

215 
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1.43 
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50 

2  34 

321 
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2.02 

lost 

lost 

lost 

S3 
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126 

1.40 

199 

136 

1.45 

229 

147 

1.55 

221 

148 

1  50 

85 

143 

120 

1.34 

209 

117 

1.79 

252 
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2  11 

216 

121 

1.78 

86 
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0.97 

177 
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1.16 
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1.26 
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87 
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0.74 
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0.97 

61 

50 

1  24 

72 

54 

1  33 

91 

38 

56 
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91 
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0.64 

73 

54 
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62 

54 

0.77 

94 

60 

1.56 

W* 

27 
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0.66 

39 

38 
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39 

45 

1.15 

59 

55 

1.25 

94 

23 

53 

0.44 

21 

53 

0.40 

40 

60 

0.68 

13 

60 

0.20 

95 

81 

90 

0.90 
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93 

1.67 
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1.50 

62 
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0.50 

96 

35 

44 

0  80 

80 

41 

1.96 

83 

45 

1.85 

62 

54 

1.15 

97 

29 

42 

0.70 

45 

44 

1.02 

68 

45 

1.52 

87 

45 

1.93 

98 

0 

38 

0.00 

47 

44 

1.06 

52 

46 

1.14 

98 

48 

2.13 

09 

54 
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54 

47 
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60 

54 

1.11 

63 

51 

1.24 
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0 
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2 

38 

0  06 

9 

51 

0  18 

16 

48 

0.34 
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11 

57 

0.19 

17 

51 

0.32 

IS 

57 

0.32 

5 

54 

0.10 

102 

7 

63 

0.10 

2 

57 

0.03 

25 

54 

0.46 

31 

60 

0.53 

103 

43 

42 

1.04 

69 

42 

1.64 

58 

44 

1.33 

83 

51 

1.64 

104 

33 

48 

0.69 

40 

51 

0.79 

46 

58 

0  79 

54 

60 

0  91 

105 

13 

51 

0  26 

36 

57 

0.63 

46 

69 

0.66 

69 

75 

0  93 

Averages.... 

57 

68 

0.74 

86 

68 

1.15 

97 

71 

1.24 

100 

72 

1.43 

*  The  asterisk  indicates  that  in  the  case  of  the  animals  whose  number  ii 
marked  the  results  given  are  the  average  of  two  experiments. 
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The  power  of  the  saliva  to  maintain  a  protective  function  over  the 
buccal  cavity  and  teeth  has  long  been  a  subject  for  investigation,  but 
tittle  has  been  proven.  That  one  of  the  functions  of  this  fluid  is  to  pro- 
tect and  benefit  in  some  way  the  tissues  which  it  continually  bathes  is 
sine  qua  non  and  the  study  of  the  saliva  is  an  important  phase  in  the 
understanding  of  the  etiology  of  dental  caries. 

Miller  (1)  in  1890  suggested  that  in  the  saliva 

the  great  amount  of  carbonate  of  the  alkalies  i*  specially  noteworthy;  it  impart* 
a  strong  alkaline  reaction  to  the  animal  saliva,  and  is  well  calculated  to  neutral- 
ise such  acids  as  may  be  found  in  the  animal  mouth,  thus  tending  to  prevent  the 
appearance  of  caries. 

Acids  were  considered  the  arch  enemies  of  the  teeth  and  it  was  a 
natural  trend  of  research  workers  in  dentistry  to  look  for  something  to 
counteract  any  acidity  in  the  mouth. 

Marshall  (2),  however,  in  1915  stated  that  the  saliva  is  amphoteric 
and  therefore  for  it  to  be  a  factor  in  protecting  the  teeth  it  must  neu- 
tralise either  acid  or  alkaline  substances  as  taken  into  the  mouth,  and 
that  it  is  the  degree  of  this  power  to  maintain  a  neutrality  in  the  mouth 
which  is  indicative  of  susceptibility  to  caries. 

He  promulgated  a  theory  of  a  "salivary  factor"  as  an  index  of  im- 
munity from  caries,  which  Cies  and  coworkers  (3)  could  not  substanti- 
ate by  any  of  their  work. 

This  report  deals  with  a  like  investigation  to  find  out  what  relation 
there  may  t>c  between  the  salivary  factor  and  the  incidence  to  dental 
caries. 

Marshall's  procedure  was  followed  using  10  cc.  of  the  sample  and 
titrating  immediately  after  collection  with  n  2IX)  NaOH  and  n  21)0  cc 
HO.  Phenolphthalein  and  paranitrophcnol  were  usitl  as  indicators. 
Paraffin  was  chewed  as  a  stimulus  for  the  activated  saliva. 
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The  saliva  in  all  cases  was  diluted  with  freshly  distilled  water.  This 
was  done  because  in  some  instances  the  saliva  was  so  dark  colored  that 
it  would  have  been  impossible  to  detect  any  color  change,  and  it  was 
always  difficult  to  obtain  more  than  10  cc.  of  resting  saliva  from  any 
patient. 

All  of  the  subjects  were  of  about  the  same  age,  ten  to  fifteen  years. 
These  limits  were  set,  as  it  is  between  these  years  that  incidence  to  de- 
cay is  most  active,  and  1500  children  visiting  the  Infirmary  every 
month  for  treatment  made  careful  selection  of  cases  comparatively 
easy.  Those  children  with  occasional  fillings  were  discarded,  as  were 
also  those  with  only  one  or  two  cavities.  Absolute  immunity  and  ex- 
cessive  decay  only  were  chosen  for  the  work  to  be  done. 

Note  was  taken  of  sex,  general  appearance,  nationality,  cleanliness 
of  mouth,  the  time  after  a  meal  at  which  the  saliva  was  collected  and 
the  character  of  the  saliva.  The  resulting  figures  for  each  case  were 
referred  then  to  these  things. 

The  patient  was  left  alone  during  collection  of  the  sample  so  that 
there  would  be  no  embarrassment  nor  any  outside  psychical  excita- 
tion.    As  near  normal  conditions  as  possible  were  sought. 

The  following  table  is  given  as  a  fair  illustration  of  the  results  ob- 

TABLE  1 
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No. 

1 

ft 

< 

Dental  condition 

< 

1 

2 

3 

< 

1 

2 

™" 

48306 
48367 
48234* 
48291* 
48148 
48214 
45928 
45642 
1962P* 
196291 
45861* 
48569 

M 
F 
M 
F 
F 
M 
F 
F 
M 
F 
F 
F 

11 
11 
14 
15 
12 
13 
13 
12 
14 
12 
10 
14 

Immune  with  care 
Immune 
Immune 

Immune  with  care 
Immune  with  care 
Immune 

Immune  with  care 
Immune  with  care 
Immune 

Immune  with  care 
Immune  with  care 
Immune  with  care 

3.5 
1.3 
1.4 
3.8 
1.0 
1.1 
3.0 
4  4 
5.8 
0.4 
0.3 
1.7 

6.1 
3.5 

3  3 
6  2 

4  5 
3.1 
2.1 
7.5 

15  7 
3.7 
5.5 
2.4 

9.0 
4.8 
4.7 
10  0 
5.5 
4.2 
5.1 
11.9 
21.5 
4.1 
5  8 
4.1 

0.3 
1.6 
0.8 
07 
0.4 
1.0 
0.6 
1.4 
2.7 
0.3 
0.6 
1.1 

19.7 
5.5 
9.7 
23.0 
13.2 
10.3 
4.1 
19.5 
35 .2 
8  6 
13.4 
7  6 

20.0 

7  1 
10.5 
23.7 
13.6 
11  3 

4.7 
20.9 
37.' 

8.8 
14.0 

8.7 

48.00 
67.60 
44.76 
42.11 
40  44 
37.16 
108.50 
56.93 
56.72 
48. 63 
41.42 
47.12 

Averagt 

7.35 

0.9 

14  1 

15.0 

*  Activated  saliva  alkaline  to  phenolphthalein. 

t  Activated  and  resting  saliva  alkaline  to  phenolphthalein. 
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tained  from  immune  mouths.  The  columns  headed  "alkali"  mean  the 
amount  of  alkali  used  to  neutralize  the  sample  or  the  acidity  of  the 
sample.  "Acid"  designates  the  amounts  of  acid  used  or  the  alkalinity 
of  the  sample. 

No  constancy  of  results  can  be  detected  in  the  preceding  table.  The 
figures  given  for  acidities,  alkattnities,  total  neutralizing  powers  and 
salivary  factors  vary  widely. 

For  example,  the  acidity  column  of  resting  saliva  gives  outside  limits 
of  alkali  used  as  5.8  cc.  and  0.3  cc.  with  the  average  2.88  cc.     Wider 
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30  48 
103  82 
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0  5  4  51  5  0l  62  00 
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0  I  10  7  10  8  49  07 
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1  003.22.4  82  0  6  7.7.  8  3 


*  Activated  aaliva  alkaline  to  phenol phtbalein. 

t  Activated  and  retting  aaliva  alkaline  to  phenol phthale in. 

variations  than  these  are  found  in  all  but  the  acidity  column  of  acti- 
vated saliva. 

Table  2  shows  the  results  from  carious  mouths. 

This  table  shows  a  similar  disregard  for  constancy.  An  example 
of  the  inconstancy  here  is  the  salivary  factor  column,  where  the  average 
factor  is  64.90,  and  one  of  164.26  and  one  of  38.00  are  found  with  vari- 
ations from  these  in  between. 

Comparison  of  tables  1  and  2  displays  no  striking  difference.  The 
averages  of  all  columns  of  the  immune  table  except  that  of  salivary 
factors  are  higher  than  those  of  (he  caries  table,  but  in  every  column 
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of  the  immune  cases  there  will  be  found  figures  below  the  average  of 
the  corresponding  column  of  carious  cases  and  likewise  in  every  column 
of  the  caries  table  there  will  be  found  figures  above  the  average  of  the 
corresponding  column  of  immune  cases.     Table  3  illustrates  this. 


DBSTAl  CONDITION 

.„„...„,. 

•*LIT».I 

Alkali 

Acid 

T.N. 

Alkali 

Acid 

T.N. 

47081 

19564 

■18214 

48928 

I962S 

45642 

Average 

Average 

Decay  with  care 
Immune  with  care 

Immune 
Decay 

5.5 
3.2 
1.1 
3.0 
0.4 
4.1 
2.88 
1.66 

3  7 
5  4 

5.3 
3.22 
3  1 
2.1 

3.7 
7.5 

9.2 
8.6 
4.2 
5.1 
4.1 
11.9 
7.35 
4.82 

2.5 
0.7 
1.0 
0.6 
0.3 
1.4 
0.9 
0.6 

3.1 

20.8 
10.3 
4.1 
7.5 
19.5 
14.1 
7.7 

5.6 
21  5 
11.3 

4.7 
8.8 
20.9 
15.0 
8.3 

164.26 
40.00 
37.16 

108.50 
46.66 
56.93 
52.43 
64.91 

This  table  also  illustrates  the  fact  that  while  the  average  salivary  fac- 
tor for  carious  mouths  is  higher  than  that  of  immune  mouths,  both 
factors  are  below  80+  (Marshall's  line  of  demarcation  between  an  im- 
mune and  carious  mouth),  and  again  that  factors  of  carious  cases  may 
be  below  the  average  factor  of  immune  cases  and  factors  of  immune 
cases  may  be  above  the  average  carious  factor. 

Some  samples  of  saliva,  both  resting  and  activated,  were  alkaline 
to  phenolphthalein,  but  this  phenomenon  occurred  with  such  frequency 
in  both  immune  and  carious  cases  that  no  importance  can  be  attached 
to  it.  Table  4  shows  the  indiscriminancy  with  which  it  occurred. 
The  resting  or  activated  or  both  kinds  of  saliva  of  all  of  these  examples 
were  alkaline  to  phenolphthalein. 
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48234* 
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Immune 

44.76 

47084K* 
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Decay 

164  26 

1962St 

12 

Immune  with  care 

46.66 

19564* 

12 

Decay  with  care 

40.00 

46873t 

13 

Decay 

90.76 

*  Activated  saliva  alkaline  to  phenolphthalein. 

t  Activated  and  resting  saliva  alkaline  to  phenolphthalein 
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Tbe  following  table  shows  very  well  the  lack  of  constancy  of  sex  and 
age  in  regard  to  tbe  salivary  factor.  Numbers  48306  and  48569,  a 
boy  and  a  girl  with  three  years  difference  in  age,  vary  hardly  at  all, 
and  numbers  1906A  and  1905 A,  both  boys  of  the  same  age,  give  very 
different  salivary  factors. 


TABLE 

J 

™~. 

«. 

„. 

Dtnit  conniTKOf 

*£££' 

48306 
18500 

1906A 
1906A 

M 
F 
M 
M 

11 

14 
12 

12 

Immune  with  care 
Immune  with  care 
Decay 

48.00 
47  12 
82.00 
38  00 

The  general  appearance  of  all  the  subjects  was  that  of  ordinary, 
normal  boys  and  girls.  Slovenly  appearance  was  not  displayed  more 
frequently  in  one  sort  of  a  case  than  in  the  other.  Carious  mouths  were 
found  in  both  overdeveloped  and  underdeveloped  as  well  as  in  normal 
children.  Age,  sex  and  condition  of  the  mouth  had  no  connection 
with  the  nervous  embarrassment  of  the  patient  or  the  resulting  salivary 
factor. 

Table  6  gives  examples  of  the  inconstancy  of  salivary  factors  with 
regard  to  general  appearance. 
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40  00 

French 
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Decay  with  care 

50  00 

I  run 

1  470S4K 

14 

F 

Decay 

164  26 

I  run 

48148 

12 

F 

Immune  with  care 

404' 

Jewuh 

!  48928 

13 

F 

Immune 

KW  50 

The  first  two  cases  citdl  were  unusually  attractive,  healthy,  whole- 
sonic  looking  girls,  but  they  had  atrociously  bad  teeth.  Kach  girl 
had  six  sound  teeth  in  her  head.  Number  81162,  who  also  had  very 
poor  teeth  was  a  sickly  undernourished  little  fellow  who  displayed 
great  embarrassment.  Of  the  same  general  nervous  appca ranee 
wan  48148.  but  in  this  instance  she  had  a  perfect  set  of  teeth.  The 
two  with  furt'Tn  above  SI  w  -re  normal  app  >.iring.  with  no  distino- 
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tlve  characteristic  except  that  one  had  excellent  and  the  other  poor 
teeth. 

Al)  nationalities  were  represented  in  our  cases.  Irish  children 
abounded,  with  Jewish  and  French  as  close  seconds.  There  was  one 
colored  girl  with  an  immune  mouth.  These  nationalities  were  placed 
in  both  immune  and  carious  tables. 

A  glance  at  any  of  the  tables  displays  the  fact  that  care  of  the  teeth 
played  no  part  in  either  the  dental  condition  or  the  salivary  factor. 
There  was  sometimes  doubt  with  both  immune  and  carious  cases  as  to 
the  veracity  of  their  acknowledgment  of  care. 

Every  sample  of  saliva  was  collected  at  least  two  hours  after  a  meal. 
The  character  varied  considerably,  but  not  consistently.  Table  7 
shows  this.  The  activated  saliva  of  every  patient  was  darker  colored, 
less  viscid  and  secreted  more  rapidly  than  the  resting  saliva. 


„„„. 

_»— 

rami™  or  suit  a 

*I™ 

47084K 

47367 

1905A 
190SA 

Immune 

Decay 

Decay  with  care 

Evil  smelling,  bloody,  viscous,  secreted 

slowly 
Dark,  viscous,  secreted  slowly 
Colorless,  clean,  secreted  rapidly 
Opaque,  secreted  with  average  rapidity 

164.26 

67.60 
38. 00 
49.07 

From  observations  made  on  these  cases,  it  would  appear  that  the 
saliva  of  persons  with  teeth  immune  to  caries  varies,  as  does  also 
tbe  saliva  of  persons  with  carious  teeth;  that  saliva  may  neutralize 
substances  taken  into  the  mouth  and  that  the  average  immune  mouth 
has  the  greater  power  of  neutralization;  but  the  ratio  of  resting  and 
activated  saliva-  in  immune  mouths  does  not  vary  enough  from  that 
of  carious  mouths  to  prove  that  this  ratio  is  indicative  of  the  produc- 
tion and  maintenance  of  immunity  from  caries  in  any  individual. 

The  tables  compiled  do  not  show  consistently  that  as  the  difference 
between  the  total  neutralizing  powers  of  resting  and  activated  saliva 
diminishes,  liability  to  incidence  of  caries  increases. 

Since  the  average  ratio  or  "salivary  factor"  is  below  80  in  bothim- 
mune  and  carious  mouths,  there  is  doubt  as  to  the  importance  of  tbia 
mark  in  the  relation  of  the  salivary  factor  and  dental  caries. 
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Furthermore,  no  constant  points  of  difference  c«n  be  found  to  corre- 
spond with  the  differences  in  salivary  factors  and  in  our  work  we  can 
find  no  substantia)  proof  to  verify  a  relationship  of  the  salivary  factor 
to  dental  caries. 
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The  object  of  the  experiment  of  which  only  the  beginning  is  here 
briefly  summarized,  is  to  ascertain  the  effect  of  different  kinds  of  music 
upon  the  heart  and  blood  pressure  in  individuals  who  are  known  to 
have  musical  talent  and  are  fond  of  music;  also  in  persons  who  are 
indifferent  and  have  no  fondness  for  music,  in  neurasthenics  and  in 
some  animals. 

The  cardiograms  were  recorded  with  the  Einthoven  string  galva- 
nometer, its  sensitivity  was  1  cm.  deflection  per  one  millivolt;  the  film 
speed  was  2.5  cm.  per  second.  The  time  marker  recorded  A  second,  and 
lead  2  was  adopted  for  comparison,  for  all  of  the  records. 

The  pulse  and  pressure  were  obtained  with  a  Tycos  and  a  modified 
form  of  Erlanger's  sphygmomanometer,  and  the  music  from  Victrola 
records. 

The  pieces  of  music  selected  were  first,  Tschaikowsky's  death  sym- 
phony, characterized  by  its  tragic  slow  minor  movements;  and  second, 
the  Toreador's  brilliant  description  of  the  bull  fight  from  Carmen;  and 
third,  the  National  Emblem,  a  stirring  rhythmical  march  by  Sousa. 
The  effects  of  other  pieces  of  music  had  been  tested  but  the  results 
seemed  to  indicate  that  the  effects  of  those  pieces  that  were  familiar 
to  the  subjects,  were  influenced  also  by  associated  memory. 

The  data  from  subject  "A"  who  is  fond  of  music  and  whose  voice 
has  been  cultivated,  were  checked  up  with  those  of  two  other  subjects, 
but  his  being  most  complete  were  chosen  for  presentation. 

The  experiments  were  conducted  under  fairly  constant  subjective 
and  weather  conditions,  and  about  the  same  hours  of  the  day.  The 
cardiograms,  pulse  and  pressure  curves  were  secured  before  and  im- 
mediately after,  and  also  from  five  to  ten  minutes  after  the  music  had 
ceased.  But  while  listening  to  the  music,  only  the  cardiograms  were 
taken  because  it  seemed  that  the  latter  were  affected  by  the  manipula- 


d  by  Google 


.    IIYDI    AND   V.   SCALAPINO 


lions  necessary  to  secure  blood  pressure  records.  More  experiment* 
are  needed  before  it  is  possible  to  state  how  long  the  after  effects  of  the 
music  persist,  and  also  to  ascertain  if  different  kinds  of  quality  or  timbre 
may  have  different  effects.  Tbe  same  piece  of  music  if  suns;  or  played 
by  tbe  orchestra  or  piano  or  violin  might  have  a  different  influence. 
For  control  data,  the  subjects'  cardiograms,  pulse  and  pressure  were 
obtained,  without  the  influence  of  music,  at  different  hours  of  the  morn- 
ing, the  forenoon  being  the  time  during  which  the  tests  were  all  made. 
It  was  found  that  ordinarily  the  pulse  rate  and  pressure  vary  somewhat 
during  the  forenoon  as  shown  in  table  1. 

The  fact  that  the  pulse  rate  decreases  and  the  pulse  pressure  increases 
as  the  morning  advances  must  therefore  be  taken  into  consideration  in 
estimating  the  after  effects  of  music. 

Prom  a  study  of  the  table,  we  learn  that  while  listening  to  the  sym- 
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phony,  the  average  effect  is  a  slight  decrease  if  any  of  the  "P.  P."  wave, 
and  therefore  a  relatively  Blight  increase  in  the  pulse  rate,  and  also  that 
the  amplitude  or  K.  M.  P.  of  the  "H"  wave  is  increased.  We  find 
also,  that  from  two  to  ten  minute*  after  the  music  has  censed,  the 
pulse  rate  and  the  E.  M.  P.  have  increased  considerably,  but  the 
systolic  and  pulse  pressure  have  fallen. 

Consequently  the  minor  tones  of  the  symphony  records  caused  an 
increase  in  cardiac  activity  and  action  current,  but  &  fall  in  blood 
pressure.  The  increased  pulse  rate  and  decreased  Mood  pressure  are 
probably  the  result  of  psychic  or  reflex  inhibition  of  the  vagus  nerve  and 
vasomotor  center.  The  shortening  of  the  "P.  P."  wave  is  mainly  due 
to  the  decrease  of  the  "T.  P."  wave,  or  pause,  of  the  cardiac  cycle. 

Toreador's  stirring  song  produced  a  different  picture  of  cardiograms, 
seen  by  an  inspection  of  table  2.  We  And  that  the  pulse  rate  was 
accelerated  and  the  K.  M.  P.  or  amplitude  of  "It"  wave  became  less  as 
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soon  as  the  song  was  heard.  This  is  graphically  shown  in  the  decrease 
of  the  "P.  P."  and  "T.  P."  phases,  and  height  of  the  "R"  wave  in 
cardiograms  obtained  while  listening  to  the  song.  The  after  effect 
was  increased  systolic  and  pulse  pressure  and  pulse  rate,  but  decreased 
action  current.  It  seems,  therefore,  that  this  kind  of  music  had  a 
stimulating  effect  upon  the  circulation  by  increasing  the  blood  pressure 
and  pulse  rate  while  lessening  the  action  current  of  the  ventricular  con- 
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traction.    This  change  may  be  due  to  reflex  action  of  the  accelerator 
nerve  or  possibly  inhibition  of  the  vagus. 

The  effect  of  the  inspiring  rhythmical  tones  of  the  National  Emblem, 
as  seen  from  table  2,  was  a  slower  pulse  rate,  a  longer  pause  or  "T.  P." 
wave,  and  an  increase  of  not  only  the  systolic  and  pulse  pressure  but 
also  the  action  current  of  the  ventricular  contraction.  It  seems  that 
this  music  had  its  stimulating  effect  upon  the  vagus,  and  that  this  as 
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well  as  other  kinds  of  music  may  have  an  influence  on  the  system  in 
other  respects.  It  very  likely  affects  digestion,  secretion,  muscle  tone, 
and  respiration.  But  many  more  experiments  are  needed  before  def- 
inite conclusions  can  be  drawn.  A  survey  of  the  preliminary  results 
obtained  with  the  three  classes  of  music  indicates  that  in  the  subjects 
experimented  on,  the  minor  tones  of  music  increased  the  pulse  rate  and 
action  current  of  the  ventricular  contraction,  and  lowered  the  systolic 
and  diastolic  pressures.  On  the  other  hand,  the  stirring  notes  of 
Toreador's  song,  and  also  those  of  the  rhythmical  march,  increased  the 
systolic  and  pulse  pressure,  but  the  former  also  increased  the  pulse  rate, 
with  decreased  diastolic  pressure  and  action  current,  while  the  march 
slowed  the  cardiac  cycle  and  increased  its  action  currents.  It  is  possible 
that  a  careful  selection  of  music  may  be  a  beneficial  aid  in  the  treatment 
of  nervous  disturbances. 
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The  general  conditions  we  have  already  outlined  (1)  were  observed. 
No  food  or  water  was  given  for  about  seventeen  hours  before  the  com- 
mencement of  the  experiment,  which  lasted  for  five  hours  and  began 
about,  9  a.m.  During  this  time  four  collections  of  urine  and  of  blood 
were  made.  No  urea  was  given,  but  in  order  to  keep  the  conditions 
uniform  with  those  in  other  experiments  the  stomach  tube  was  passed 
just  before  the  bladder  was  first  washed  out.  This  procedure  was  car- 
ried through  on  a  group  of  twenty-eight  rabbits.  The  experiments  were 
chen  repeated  on  the  same  animals  under  the  same  conditions  except 
that  0.25  ce.  of  Parke,  Davis  &  Co.'s  l-in-1000  Adrenalin  Chloride  was 
injected  subcutaneoualy  at  the  commencement  of  each  of  the  five  hours 
of  observation.  The  average  rates  of  excretion,  blood  urea  concentra- 
tions and  ratios  for  each  of  the  four  periods  of  the  experiment  without 
and  with  adrenalin,  are  given  in  table  1  and  charted  in  figure  1.  The 
details  for  the  individual  animals  will  be  found  in  table  6  at  the  end  of 
the  paper. 

The  five  subcutaneous  injections  of  0.25  cc.  of  l-in-1000  adrenal  solu- 
tion increase  the  rate  of  urea  excretion  and  at  the  same  time  decrease 
the  blood  urea  concentration.  There  is,  consequently,  a  marked  in- 
crease in  the  ratio  between  the  urea  content  of  the  urine  and  of  the 
blood.  It  should  be  noted  that  the  decrease  in  the  blood  urea  concen- 
tration is  a  circumstance  which  in  itself  should  have  tended  to  lower 
rather  than  raise  the  ratio  (2). 
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Reference  to  table  6  will  show  that  there  is  a  considerable  degree  of 
variation  in  the  manner  in  which  individual  animals  react  to  adrenalin. 
If  these  figures  are  compared  with  the  control  experiments  without 
adrenalin  given  in  the  preceding  paper  of  this  series,  it  will  be  found 
that  in  some  cases  the  increase  in  the  ratio  is  very  marked,  while  in 
others  it  is  only  slight.  It  will  be  noted  also  that  there  are  occasional 
instances  in  which,  in  one  period  or  another,  the  ratio  is  greater  without 
than  with  adrenalin.  It  is,  therefore,  necessary  to  determine  whether 
the  actual  differences  noted  between  the  average  ratios  without  and 
with  adrenalin  might  not  be  due  to  chance.  If  both  sets  of  experiments 
were  to  be  repeated  many  times  a  series  of  averages  would  be  obtained 
which  would  differ  somewhat  from  those  we  obtained.  It  might  be 
found  then  that  we  had  chanced  to  get  an  unusually  low  average  with- 
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out  adrenalin  and  an  unusually  high  average  with  adrenalin,  so  that 
the  difference  we  found  was  atypical  and  misleading.  It  is  possibte, 
however,  to  calculate  from  our  data  the  "probable  error"  of  each  aver- 
age and  from  this  to  obtain  the  "probable  difference  between  the  aver- 
ages." These  are  given  for  each  period  in  table  1.  They  indicate  the 
value  of  the  difference  which  would  include  half  of  all  the  differences 
between  the  averages  without  and  with  adrenalin  which  would  be  en- 
countered if  the  experiments  were  repeated  many  times.  It  is  clear 
from  the  fact  that  the  probable  differences  are  much  smaller  than  the 
actual  differences,  that  it  is  very  unlikely  that  the  latter  are  due  to 
chance.  In  the  ease  of  the  fourth  period  averages,  reference  to  Daven- 
port '» tables  (3>  shows  that  there  is  only  one  chance  in  over  one  hundred 
thousand  that  accidental  variation  could  bring  about  such  a  difference 
as  actually  occurred.     But  it  U  also  necessary  to  take  into  considers- 
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tioti  the  fact  that  in  all  four  periods  the  difference  is  in  the  direction  of 
an  increased  average  after  adrenalin.  This  fact  so  reduces  the  possi- 
bility of  accounting  for  the  actual  differences  on  the  basis  of  chance  that 
it  becomes  inappreciable.  There  can  then  be  no  question  but  that  the 
rise  in  the  plane  of  renal  efficiency  illustrated  in  the  higher  level  of  the 
ratio  curve  after  adrenalin  administration  is  a  specific  effect  of  the 
adrenalin  itself. 

The  effect  of  adrenalin  varies  with  the  quantity  injected.     In  figure 
2  and  figure  3  the  averages  of  small  groups  are  charted  without  and 

TABLE  1 
Comparison  of  a  group  of  6  rabbi  It  without  and  with  O.ltS  «.  adrenalin 
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with  doses  of  0.125  cc.  and  0.0025  cc.  of  I-in-1000  adrenalin.  The  effect 
of  the  adrenalin  does  not  become  apparent  until  the  fourth  period.  The 
degree  of  increase  in  the  activity  of  the  kidney,  therefore,  decreases  as 
the  amount  of  adrenalin  injected  U  decreased. 

An  interesting  result  was  obtained  by  increasing  the  amount  of 
adrenalin.  The  effect  of  0.5  cc.  on  a  group  of  rabbits  is  shown  in  figure 
4.  It  will  be  noted  that  the  increase  in  the  ratio  is  less  than  after  0.25 
cc.     The  averages  of  three  rabbits  which   were  given   1   cc.   at   the 
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beginning  of  the  first  hour  and  0.5  cc.  at  each  of  the  four  succeeding  hours 
are  charted  in  figure  5.  Here  adrenalin  produces  an  effect  which  is 
directly  contrary  to  that  obtained  with  smaller  doses.  The  decrease 
in  the  ratio  is  so  pronounced  that  it  would  seem  likely  that  it  represents 
the  renal  reaction  to  the  generalized  toxic  effect  described  by  Elliott  (4) 
as  following  large  amounts  of  adrenalin. 
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Although  the  question  as  to  the  exact  quantities  of  adrenalin  effective 
in  regulating  the  rate  of  urea  excretion  could  be  accurately  decided  only 
by  slow  long-continued  intravenous  injections,  our  results  at  least  indi- 
cate that  a  gradation  of  renal  stimulation  is  produced  by  increasing 
doses,  that  there  is  an  optimal  quantity  which  leads  to  a  great  increase 
in  kidney  action  and  that  amounts  above  this  optimum  have  less  effect 
until,  with  relatively  large  quantities,  an  actual  depression  of  kidney 
function  results. 
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We  have  shown  that  the  injection  into  the  subcutaneous  tissues  of 
certain  amounts  of  adrenalin  is  followed  by  a  marked  increase  in  the 
activity  of  the  kidney  in  the  excretion  of  urea.  This  fact  raises  the 
question  as  to  whether  the  adrenin  produced  by  the  suprarenal  glands 
within  the  body  may  not  be  one  of  those  unknown  factors  in  the  regu- 
lation of  renal  function  whose  mode  of  action  was  discussed  in  the  pre- 
ceding paper  of  this  series.  To  those  who  are  conversant  with  the  re- 
cent literature  on  adrenin  this  possibility  may  at  first  sight  seem  remote. 
The  work,  especially,  of  Stewart  and  Rogoff  has  failed  to  confirm  the 
validity  of  theories  under  which  certain  physiological  phenomena  were 
related  to  variations  in  the  rate  of  adrenin  secretion.  And  it  will  be 
objected  that  we  do  not  even  know  that  there  is  any  adrenin  in  the 
blood  as  it  reaches  the  kidney,  since  sensitive  involuntary  muscle  test- 
objects  fail  to  show  its  presence  in  blood  from  the  jugular  vein  (5). 
Nevertheless,  we  hold  that  it  would  be  premature  to  assume  that  adre- 
nin produced  within  the  body  may  not  play  a  part  in  the  regulation  of 
renal  function.  For  apart  from  the  possible  route  by  which  adrenin 
may  reach  the  kidney  directly,  (6)  there  is,  as  we  shall  show,  good  reason 
to  believe  that  the  secretory  activity  of  the  kidney  may  be  influenced  by 
amounts  of  adrenin  much  smaller  than  those  required  to  alter  the  action 
'of  involuntary  muscle  fibers.  This  question  of  the  relation  between 
adrenin  and  renal  function  will  be  more  fully  discussed  in  a  later  paper. 

So  much  attention  has  been  paid  to  the  effect  of  adrenalin  on  muscu- 
lar action  that  it  is  natural  at  first  to  suppose  that  its  stimulating  effect 
on  the  kidney  is  secondary  to  changes  induced  in  the  circulatory  condi- 
tions within  the  organ.  But  the  evidence  as  to  the  action  of  adrenalin 
on  the  renal  vessels  goes  to  show  that  it  decreases  the  rate  of  flow  of 
blood  through  the  kidney.  HoskinB  and  Gunning  (7)  have  recently 
investigated  the  effect  of  the  intravenous  injection  of  both  depressor 
and  pressor  doses.  In  every  one  of  seventeen  experiments  they  found 
the  rate  of  Sow  of  blood  from  the  cut  renal  vein  to  be  diminished.  There 
would  thus  be  an  apparent  contradiction  in  the  vascular  and  secretory 
effect  of  adrenalin,  if  there  were  reason  to  believe  that  adrenalin  given 
subcutaneously,  as  in  our  experiments,  had  any  effect  on  the  renal 
artery.  There  is,  however,  no  such  reason.  When  given  subcuta- 
neously the  rate  at  which  adrenalin  gains  entrance  to  the  blood  stream 
is  very  slow  (4).  In  the  rabbit  Biedl  (8)  was  not  able  to  obta'n  a  rise  of 
blood  pressure  with  any  dose  given  subcutaneously.     Bilberfeld   (9) 
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found  no  effect  on  the  blood  pressure  of  rabbits  after  the  subcutaneous 
injection  of  2  to  5  mgm.  of  adrenalin.  These  are  enormous  quantities 
as  compared  with  those  which  have  a  marked  effect  on  blood  pressure 
when  given  intravenously.  Yet  though  therateof  absorption  of  adren- 
alin from  the  tissues  is  so  slow  that  at  any  one  time  there  is  apparently 
never  a  sufficient  concentration  in  the  blood  to  produce  arterial  effects, 
we  do  know,  from  the  occurrence  of  such  a  phenomenon  as  glycosuria, 
that  some  adrenalin  reaches  the  blood  stream.  Certain  adrenalin  ef- 
fects may  thus  result  from  quantities  of  a  different  order  of  magnitude 
from  those  required  to  produce  circulatory  effects.  Further  it  must  be 
remcmt>cred  that  even  if  it  were  found  that  a  greater  amount  of  blood 
passed  through  the  kidney  during  the  period  in  which  a  hypersecretion 
of  urea  occurs  after  the  subcutaneous  injection  of  adrenalin,  it  would 
still  remain  to  be  proved  that  the  circulatory  changes  were  the  cause 
and  not  the  result  of  the  increased  renal  activity.  For  these  reasons 
we  think  it  highly  improbable  that  the  augmenting  action  of  adrenalin 
on  the  secretion  of  urea  in  our  experiments  is  the  result  of  an  adrenalin 
action  on  the  blood  supply  of  the  kidney. 

Does  adrenalin  then  act  as  a  direct  stimulant  to  the  urea  secreting 
components  of  the  kidney  cells?  All  analogy  is  against  such  a  view. 
Adrenalin,  for  instance,  does  not  act  on  the  contractile  elements  of 
muscle  cells  but  on  the  myo-neural  junction, — the  receptive  substance, 
of  Langley  (10) — Elliott's  generalization  (4)  still  stands  that  any  tissue 
or  organ  responding  to  adrenalin  is  under  the  control  of  the  sympathetic 
nervous  system,  though  the  converse  that  all  organs  innervated  from 
the  sympathetic  are  sensitive  to  adrenalin  is  not  invariably  true.  But 
though  the  kidney  is  richly  supplied  with  sympathetic  nerves  it  has 
not  been  proved  that  they  have  any  direct  influence  on  the  secretory 
activity  of  the  kidney,  because  it  has  always  been  possible  to  ascrilie 
the  secretory  changes  which  follow  their  stimulation  to  the  concomitant 
circulatory  alterations  which  this  procedure  also  induces.  And  there 
seems  to  be  a  tendency  to  accept,  almost  as  a  proved  fact,  the  concep- 
tion that  the  kidney  is  not  regulated  through  the  nervous  system  ex- 
cept in  an  indirect  manner  through  its  blood  supply.  But  it  is  note- 
worthy (hat  there  is  conclusive  anatomical  evidence  which  runs  counter 
to  this  view.  All  nerve  filters  do  not  end  in  the  blood  vessels.  The 
glomeruli  and  tubules  are  surrounded  by  a  quite  separate  and  distinct 
plexus  of  nerve  fils-rs,  which  end  upon  or  between  the  renal  cells.  This 
was  first  discovered  by  Berkley  ill)  in  IK'.W  and  it  has  since  been  re- 
peatedly confirmed,  most  recently  by  Smirnow  ■  l.li  and  by  Rentier 
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(14).  We,  therefore,  believe  that  adrenalin  influences  the  secretory 
activity  of  the  kidney  cells  through  the  medium  of  something  in  the 
termination  of  sympathetic  nerve  fibers  analogous  to  the  receptive  sub- 
stance in  the  end-plates  of  muscle  fibers. 

CONCLUSION 

The  subcutaneous  injection  of  adrenalin  (Parke,  Davis  &  Co.)  is 
followed  by  an  increase  in  the  urea  excreting  activity  of  the  rabbit's 
kidney.  There  is  a  certain  amount  of  adrenalin  which  produces  the 
greatest  increase  in  function.  Smaller  amounts  have  less  and  less  ef- 
fect until  there  is  no  change  from  the  normal.  With  larger  amounts 
the  augmenting  effect  on  secretion  also  becomes  less  until,  with  rela- 
tively large  doses,  the  reverse  effect  of  a  decrease  in  function  is  found. 
Except  with  these  large  amounts  the  rate  of  urea  excretion  is  more 
rapid  than  in  animals  not  given  adrenalin,  in  spite  of  a  lowering  of  the 
blood  urea  concentration. 
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There  is  do  conclusive  evidence  that  the  pituitary  gland  contains 
any  substance  which  alters  the  activity  of  the  kidney.  It  is  true  that 
in  some  pathological  conditions  in  which  the  gland  is  involved,  the  vol- 
ume of  the  urine  is  found  to  be  greatly  increased.  It  is  also  known  that 
the  volume  of  urine  is  increased  by  intravenous  injection  of  pituitary 
extract,  and  is  decreased  by  subcutaneous  injection  of  the  same  extract. 
But  though  these  facts  are  probably  correctly  explained  on  the  assump- 
tion that  some  substance  in  the  pituitary  gland  alters  the  activity  of  the 
kidney  in  the  excretion  of  water,  they  may  also  be  accounted  for  on 
the  hypothesis  that  the  changes  in  the  amount  of  water  excreted  are 
the  passive  results  of  concomitant  changes  in  the  amount  of  water 
available  for  excretion.  On  this  view  the  active  principle  in  the  pitui- 
tary extract  might  be  a  regulator  of  the  amounts  of  water  held  or  liber- 
ated by  the  tissues  in  general,  rather  than  a  factor  controlling  the  ca- 
pacity of  the  kidney  cells  to  abstract  water  from  the  blood.  A  true 
regulation  of  the  water  excreting  function  of  the  kidneys  would  be  proved 
only  if  it  were  shown  that  the  excretion  of  water  was  changed  by  pitui- 
tary extract  in  a  manner  which  could  not  be  accounted  for  as  a  result  of 
simultaneous  alterations  in  the  quantity  of  free  water  in  the  blood. 
Since  there  is  no  method  by  which  we  can  measure  that  fraction  of  the 
total  water  content  of  the  blood  which  is"free,"the  question  as  to  which 
of  these  two  explanations  is  correct  cannot  at  present  be  decided. 

But  there  is  no  difficulty  of  this  sort  in  interpreting  the  meaning  of 
changes  in  urea  excretion.  There  is  no  "bound"  urea  in  the  blood. 
All  is  immediately  available  for  excretion.  And  if  we  find  that  the 
administration  of  pituitary  gland  extract  leads  to  any  significant  altera- 
tion in  the  rate  of  urea  excretion  which  cannot  be  accounts!  for  on  the 
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basis  of  a  change  in  the  urea  concentration  of  the  blood,  we  may  con- 
clude that  it  is  the  activity  of  the  kidney  itself  which  has  been  altered. 

The  substance  in  pituitary  extracts  which  induces  the  changes  in  the 
volume  of  urine  we  have  referred  to  is  present  in  the  Pituitrin  of  Parke, 
Davis  &  Co.  This  extract  also  causes  those  changes  in  blood  pressure 
and  in  the  contractions  of  surviving  segments  of  intestine  which  are 
produced  by  extracts  of  the  pars  intermedia  of  the  pituitary  gland . 

The  same  methods  were  used  as  in  the  work  on  adrenalin.  The  pitui- 
trin was  given  every  hour  by  subcutaneous  injection  to  a^group  of  rab- 
bits, and  the  average  results  compared  with  the  averages  obtained  from 
the  same  group  of  animals  under  the  same  conditions  when  no  pituitrin 
was  given. 

The  averages  from  a  group  of  nine  rabbits  without  and  with  0.25  cc. 
of  pituitrin  are  given  in  table  1  and  charted  in  figure  1.  The  details 
are  given  in  table  6  at  the  end  of  the  paper. 

TABLE  i 
Companion  of  averages  from  a  group  of  8  rabbits  without  and  vrith  O.tS  cc.  pituitrin 


•™-«™™» 

»IW  0  M  co.  ratrant 

U»isl 

tl™  in  100 
m.  blood 

Ratio: 

UMBlBl 

Urm  in  100 

oo.  of  blood 

Rmtto: 

mtm. 

mem. 

mtm. 

mtn- 

I 

70 

82 

0.79 

20 

66 

0.35 

II 

98 

82 

1.11 

85 

68 

0.52 

III 

108 

81 

1.24 

27 

73 

0.38 

IV 

120 

85 

1.44 

33 

77 

0.43 

Pituitrin  decreases  the  rate  of  urea  excretion  although  an  increase  in 
rate  would  be  expected  since  the  blood  urea  concentration  is  higher 
than  in  .the  control  experiments.  The  combination  of  a  low  rate  of 
excretion  with  a  high  blood  concentration  results  iu  a  pronounced  low- 
ering of  the  ratio  between  the  urea  content  of  the  urine  and  of  the 
blood. 

This  is  exactly  the  reverse  of  the  effect  of  adrenalin,  which  increases 
the  rate  of  urea  excretion  in  spite  of  a  reduction  in  the  blood  urea 
concentration'.  It  seems  probable  that  in  both  cases  the  change  in  the 
level  of  the  blood  urea  concentration  is  the  result  of  the  altered  rate  of 
urea  excretion.  Both  adrenalin  and  pituitrin  would  have  changed  the 
rate  to  a  greater  extent  than  they  actually  did  if  it  had  not  been  for 
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this  secondary  effect.  The  hyperactive  kidney  lowers  the  blood  con- 
centration and  thus  automatically  diminishes  one  important  stimulus  to 
its  activity,  while  a  kidney  whose  function  is  depressed  will,  by  its  own 
inaction,  more  and  more  increase  a  factor  which  tends  to  awake  it  to 
renewed  activity.  The  influence  of  those  factors  other  than  blood 
urea  concentration  which  we  have  grouped  under  the  term  unknown, 
may  thus  be  expected  to  be  self  limited  and  evanescent,  since  a  state 
of  excess  of  renal  activity  or  of  inactivity  carries  in  itself  the  promise 
of  its  termination.  It  is  therefore  not  strange  that  we  should  have 
found  that  deviations  from  the  average  reaction  to  any  given  level  of 
blood  urea  concentration  are  temporary  phenomena  observable  only 
over  short  time  periods. 

The  remaining  charts  (figs.  2  to  5)  show  the  effect  of  decreasing 
amounts  of  pituitrin.  A  few  experiments  were  also  carried  out  with 
larger  and  smaller  doses.  Amounts  as  high  as  2  cc.  gave  results  very 
similar  to  those  obtained  with  0.25  cc,  and  quantities  between  0.005 
cc.  and  0.00001  cc.  gave  no  certain  result.  We  wished  to  see  whether 
with  very  large  or  very  small  amounts  there  might  not  be  a  reversal  of 
the  usual  effect  such  as  was  noted  with  adrenalin  when  large  doses 
were  given,  but  we  did  not  multiply  such  experiments  and  they  were 
discontinued  as  soon  as  we  were  able  to  conclude  with  a  reasonable  de- 
gree of  certainty  that  pituitrin  in  all  effective  doses  depressed  the  activity 
of  the  kidney.  That  a  certain  relation  exists  between  the  degree  of 
depression  and  the  amount  of  pituitrin  given,  is  apparent  from  the 
charts. 

TABLE  I 
Comparieon  of  averages  from  a  group  of  8  rabbitt  without  andunthO.ltSee.  pituitrin 


w*™*,™*™ 

WITH  0.1 2S  cc.  FirnimlH 

Una  in  1 

Uraa  in  100 
on.  blood 

Ratio, 

Una  in  I 
bour'a  urine 

Una  in  100 

».  of  blood 

Ratio: 

■  I 
II 
III 
rv 

53 
77 
83 
106 

68 
69 
59 
75 

0.75 
1.06 
1.13 

1.52 

30 
56 
42 
46 

55 
54 
56 
60 

0.56 

1.02 
0.73 
0.77 
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TABLE  1 
Companion  of  a  group  of  6  rabbits  without  and  iritk  0.0616  ee. 
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53 

68 

0  74 

34 

57 

p. 46 

II 

77 

69 

1.05 

62 

55 

0.90 

III 

83 

60 

1.18 

46 

58 

0  63 

IV 

98 

72 

1.44 

27 

62 

0  43 

Companion,  of  ncrragr i/ram  a  group  of  IS  rabbit*  uithout  and  irit A  O.OtStC.  pituitrin 
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65 
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tabi  r.  i 

Companion  of  avtragr*  from  a  group  of  i  rabbit*  irithout  and  irith  O.OItSrr.  pituitrin 
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Pituitrin  0.15  ee.  hourly 


DISCUSSION 

We  have  shown  that  the  subcutaneous  injection  of  pituitrin  is  fol- 
lowed by  a  marked  depression  of  the  activity  of  the  kidney  in  the 
excretion  of  urea. 

There  is  no  more  ground  for  the  supposition  that  this  depressing  ac- 
tion of  pituitrin  is  the  result  of  circulatory  changes  in  the  kidney  than 
there  is  for  ascribing  the  accelerating  action  of  adrenalin  to  alterations 
in  renal  blood  supply.  What  we  know  of  the  effect  of  these  sub- 
stances on  the  vessels  of  the  kidney  stands  in  direct  opposition  to  any 
such  hypothesis.  Pituitrin  given  intravenously  increases  the  volume  of 
the  kidney  and  causes  diuresis  (1).     Adrenalin  given  intravenously  de- 
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creases  the  volume  of  the  kidney  and  stops  the  flow  of  urine  (1).  Out- 
side the  body  pituitrin  dilates  the  renal  artery  while  adrenalin  constricts 
it  (2).  If  they  have  any  such  influence  on  the  renal  vessels  when  given 
subcutaneously  one  would  expect  the  circumstances  to  counteract, 
rather  than  to  cause  the  changes  in  kidney  activity  which  we  have  shown 
they  produce.  But  as  a  matter  of  fact  there  is  no  reason  to  suppose 
that  pituitrin  absorbed  from  the  tissues  has  any  vascular  effects  at  all. 
Taukow  (3)  found  that  in  rabbits,  the  subcutaneous  injection  of  as 
much  as  5  cc.  of  the  extract  we  used  did  not  alter  the  blood  pressure- 
Yet  one-hundredth  pari  of  this  amount  given  in  the  same  way  will 
markedly  reduce  the  urea  excreting  activity  of  the  rabbits  kidneys. 
Here,  as  in  the  case  of  adrenalin,  there  seems  reason  to  distinguish 
between  the  effect  on  the  action  of  involuntary  muscle  and  on  the 
secretory  action  of  the  kidney,  in  the  sense  that  very  much  smaller 
concentrations  are  more  effective  in  the  one  case  than  in  the  other. 

CONCLUSION 

The  subcutaneous  injection  of  pituitrin  (Parke,  Davis  ft  Co.)  is  fol- 
lowed in  all  effective  amounts  by  a  decrease  in  the  urea  excreting  ac- 
tivity of  the  rabbit's  kidney.  The  rate  of  urea  excretion  is  slower  than 
in  animals  not  given  pituitrin,  although  the  blood  urea  concentration 
is  higher. 
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It  is  well  known  that  thyroid  feeding  increases  oxidations,  and  the 
results  herein  described  are  a  sort  of  by-product  of  an  attempt  to  ascer- 
tain if  the  thyroid  could  in  any  way  be  connected  with  catalase.  Rat 
carcinoma  was  chosen  for  the  reason  that  it  is  rich  in  catalase,  and  it 
was  thought  that  there  was  a  possibility  of  showing  some  connection 
between  the  thyroid  and  catalase  that  might  account  for  the  oxidation 
■  processes  that  must  be  going  on  where  there  is  such  a  rapid  cell  division. 
In  seeking  for  a  control  it  was  observed  that  the  addition  of  small  quan- 
tities of  liver  very  markedly  increased  the  activity  of  the  catalase. 
The  original  problem  was  therefore  dropped  for  the  time  being,  and  at- 
tention given  to  this  phenomenon. 

The  liver  and  the  leg  muscles  of  the  rat  were  used,  as  being  at  the 
two  ends  of  the  scale  of  catalytic  activity;  the  liver  being  most  active 
and  the  muscle  least  so,  if  we  except  the  brain.  The  animals  were 
killed  and  immediately  perfused  with  a  solution  of  sodium  chloride  of 
ra/6  concentration  and  made  up  with  tap  water.  A  cannula  was  in- 
troduced into  the  aorta  and  the  solution  allowed  to  run  until  the  fluid 
coming  from  the  jugular  vein  was  clear.  Incisions  into  the  liver  showed 
it  to  be  free  from  blood.  The  liver  and  muscles  were  then  removed, 
passed  through  a  meat  grinder  and  the  pulpy  mass  thus  obtained  was 
used  in  weighed  quantities. 

Commercial  hydrogen  peroxide  was  diluted  with  an  equal  volume  of 
distilled  water,  making  a  1.5  per  cent  solution  of  HtOi.  It  was  used 
both  neutralized  and  unneutralized.  The  oxygen  was  collected  in  a 
burette  over  water  in  the  usual  way,  the  amount  given  off  in  ten  minutes 
being  taken  as  the  standard.  As  some  of  the  work  was  done  at  noon 
and  some  at  night,  there  was  a  variation  of  several  degrees  in  the  tem- 
perature and  therefore  the  gas  volumes  are  all  reduced  to  0"  and  760 
mm.  Hg,  the  fractions  being  disregarded.  Unless  otherwise  stated, 
50  cc.  of  the  peroxide  solution  were  used.  • 
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The  acceleration  of  the  catalase  activity  of  muscle  by  adding  a  small 
amount  of  liver  is  shown  by  the  following: 

1  gram  of  muscle  liberated  24  cc.  of  oxygen. 
1  gram  of  liver  liberated  ISA  cc.  of  oxygen. 

0  9  gram  of  muscle  +  0.1  gram  of  liver,  gave  126  cc.  of  oxygen. 
0.98  gram  of  muscle  +  0.02  gram  of  liver,  gave  58  cc.  of  oxygen. 

The  objection  might  be  made  that  as  the  liver  contains  so  much  more 
catalase,  we  are  dealing  here  simply  with  an  increase  of  the  active 
mass;  0.98  gram  of  muscle  plus  0.02  gram  of  liver  represents  about  1.05 
grams  of  muscle.  This  slight  increase  in  amount  could  hardly  cause 
an  increase  of  140  per  cent  in  activity. 

To  make  certain  of  this  point,  the  following  combination  was  made: 

1  gram  of  muscle  gave  50  cc.  of  oxygen. 
1  gram  of  liver  gave  244  cc.  of  oxygen. 

0.S  gram  of  muscle  +  0.1  gram  of  liver  gave  250  cc.  of  oxygen. 

Assuming  the  amount  of  catalase  in  the  liver  to  be  five  times  greater" 
than  in  muscle,  the  above  combination  of  muscle  and  liver  represents 
1  gram  muscle;  yet  the  amount  of  oxygen  given  off  is  that  of  the  liver 
rather  than  of  the  muscle. 

0.5  gram  of  muscle  gave  23  cc.  of  oxygen. 
0.1  gram  of  liver  gave  41  cc.  of  oxygen. 

The  sum  of  these,  64  cc,  is  far  below  that  for  the  same  quantities  when 
used  in  combination. 

The  following  was  then  tried,  assuming  the  liver  to  contain  ten 
times  as  much  catalase  as  the  muscle: 

0.5  gram  of  muscle  +  0.02  gram  of  liver  gave  210  cc.  of  oxygen. 

In  the  earlier  experiment*)  other  tissues  of  the  same  animal  were 
used  as  controls.     For  instance,  in  experiment  7,  rat, 

I  gram  "f  muscle  gave  38  cc.  of  oxygen. 

I  gram  of  liver  gave  203  cc.  of  oxygen. 

0.9  gram  of  muscle  +  0.1  of  liver  gave  200  cc.  of  oxygen. 

0.9  gram  of  muscle  +  0.1  gram  of  blood  clot  gave  158  cc.  of  oxygen. 

0.9  gram  of  muscle  +  0.1  gram  of  thyroid  gave  44  cc.  of  oxygen. 

0.9  gram  of  muscle  +  0.1  gram  of  spleen  gave  51  cc.  of  oxygen. 

0.9  gram  of  miiiMr  +  0.1  gram  of  kidney  gave  H4  cc.  of  oxygen. 

0.9  gram  o(  muscle  +  0.1  gram  ol  pancreas  gave  32  re  of  oxygen. 

0.9  gram  of  muscle  +  0.1  gram  of  tenlen  gave  29  cc.  of  oxygen. 
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It  will  be  seen  that  there  is  a  small  amount  of  acceleration  with  all 
but  the  pancreas  and  testes,  where  there  seems  to  be  a  slight  retardation. 
It  should  be  pointed  out  that  in  the  case  of  the  spleen  and  kidney,  they 
were  not  entirely  free  from  blood.  It  is  rather  difficult,  in  perfusing 
the  entire  animal,  to  rid  these  organs  of  all  blood.  Aside  from  this  it 
is  quite  evident  that  the  liver  has  an  accelerating  effect  far  in  excess  of 
the  other  organs,  and  that  the  blood  comes  next  in  efficiency. 

These  experiments  were  done  with  acid  HjO».  They  were  repeated 
with  freshly  neutralized  H»Oi  with  the  same  results,  the  difference  being 
in  the  magnitude  of  the  figures.  It  was  noticed,  however,  that  whereas 
the  liver  acted  much  more  energetically  in  the  neutral  peroxide,  the 
muscle  did  not  seem  to  be  affected  by  the  reaction ;  it  acted  as  well  in  the 
acid  as  in  the  neutral  peroxide. 

These  are  the  facts.  The  interpretation  of  these  facts  is  not  so 
clear.  Some  years  ago  Battelli  and  Stem  (l)  claimed  to  have  obtained 
a  substance,  philocatalase,  which  had  the  property  not  only  of  antag- 
onizing an ticatalase  but  also  of  regenerating  the  catalase.  They  also  de- 
scribe an  "activator"  of  the  philocatalase.  DeWaele  and  Vandevelde 
(2)  throw  doubt  upon  the  existence  of  anticatalase,  and  therefore  upon 
the  existence  of  philocatalase  and  its  activator.  Loevenhart  (3)  ob- 
served an  acceleration  when  pancreas  and  liver,  and  muscle  and  liver 
were  combined,  but  he  regarded  it  as  an  activation  of  the  liver  by  the 
pancreas  and  muscle  and  thinks  it  due  to  a  neutralization  of  the  acid  by 
some  substance  contained  in  these  tissues..  It  has  already  been  stated 
that  in  the  present  observations  it  was  noted  that  liver  was  retarded 
by  the  acid,  and  that  muscle  acted  equally  well  in  acid  or  neutral  perox- 
ide, but  when  they  were  added  together  there  was  a  more  marked 
acceleration  in  the  neutral  peroxide.     As  an  example, 

0.5  gram  of  muscle  +  0.02  gram  of  liver,  acid  H,Oi,  gave  170  cc.  oxygen. 
0.5  gram  of  muscle  +  0.02  gram  of  liver,  neutral  HiO>  gave  240  cc.  oxygen. 

From  these  results  it  is  clear  that  there  is  something  in  the  liver  cata- 
lase that  does  not  exist  in  the  muscle,  or  that  liver  catalase  is  different 
from  muscle  catalase. 

In  a  preliminary  communication  read  before  the  Pacific  Coast  Branch 
of  the  Society  for  Experimental  Biology  and  Medicine  at  its  January 
meeting,  it  was  suggested  tentatively  that  the  liver  secreted  an  acti- 
vator of  catalase,  possibly  in  the  nature  of  an  internal  secretion,  and  it 
might  be  well  to  point  out  the  reasons  for  such  a  suggestion.  In  the 
first  place,  the  blood  is  nearly  as  effective  as  the  liver,  and  this  one  would 
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expect  if  we  are  dealing  with  an  internal  secretion.  Also  the  slight 
accelerating  effect  of  practically  all  the  organs  could  thus  bo  accounted 
for,  as  well  as  the  varying  catalytic  activity  of  the  different  tissues. 
Burge  (4)  describes  an  increase  of  catalase  in  muscle  during  activity, 
and  this  might  be  due  as  well  to  an  increased  amount  of  an  accelerator 
carried  to  the  muscle  by  the  increased  blood  supply,  as  to  an  actual  in- 
crease in  the  amount  of  catalase.  So  far  as  I  know  his  estimations  were 
all  based  upon  the  catalase  activity  of  the  muscle  and  not  on  the  actual 
determination  of  the  amount  of  catalase  present.  Finally,  experiments 
now  in  progress  with  the  catalase  of  liver  obtained  by  the  method  of 
BatteUi  and  Stem  (5),  seem  to  show  that  the  accelerating  property  dis- 
appears in  the  preparation  of  the  catalase.  Enough  work  along  this 
line  has  not  been  done,  however,  and  it  must  be  left  for  a  future  com- 
munication if  the  times,  so  sadly  out  of  joint,  will  permit. 


1.  In  both  acid  and  neutral  hydrogen  peroxide,  the  addition  of  a 
small  amount  of  liver  to  muscle  increases  the  catalytic  activity  of  the 
mass. 

2.  Blood  also  has  an  accelerating  effect  on  muscle  catalase,  nearly 
equal  to  that  of  liver. 

3.  It  is  suggested  tentatively  that  this  accelerating  action  may  be  due 
to  an  internal  secretion,  and  the  reasons  for  such  a  suggestion  are  given. 

The  expenses  of  this  research  were  paid  for  in  part  by  a  grant  from 
the  research  fund  of  the  University  of  California. 
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The  observations  on  which  this  report  is  based  were  obtained  in  con- 
nection with  a  study  of  the  causes  and  treatment  of  infantile  paralysis, 
conducted  under  the  auspices  of  the  Vermont  State  Board  of  Health 
and  financed  through  the  generosity  of  an  anonymous  donor. 

The  series  of  papers  of  which  this  is  the  first  represents  an  attempt  to 
elucidate  the  factors  which  determine  effective  muscular  strength  in 
human  beings,  as  displayed  in  maximal  volitional  efforts.  The  appli- 
cation by  Weber  and  others  (1)  of  the  principle  of  absolute  rYiuscular 
force  to  human  muscles  gives  us  some  idea  of  the  relative  strength  of 
isolated  human  muscles  in  comparison  with  similar  muscles  of  lower 
animals;  the  numerous  investigations  with  the  ergograph  (2)  throw 
much  light  on  the  conditions  which  influence  muscular  endurance;  the 
literature  of  physical  training  contains  many  data  relative  to  "strength 
tests"  applied  in  gymnasia  to  athletes,  and  in  a  few  cases  for  the  pur- 
pose of  aiding  in  the  prescription  of  therapeutic  exercise  (3);  but  none 
of  these  has  given  rise  to  a  generalization  which  will  enable  us  to  fore- 
cast for  any  individual  his  probable  maximum  strength  and  to  analyze 
observed  departures  from  expectation.  Aside  from  the  familiar  fact 
that  strength  increases  with  exercise  we  have  had  hitherto  practically 
no  data  on  which  to  base  such  a  generalization. 

Effective  muscular  strength,  by  which  is  meant  the  power  developed 
at  the  actual  points  where  strength  is  ordinarily  exerted,  depends  on  a 
number  of  factors.  The  muscles  work  for  the  most  part  in  groups, 
and  through  action  on  levers.  The  effective  strength,  for  example,  of 
the  calf  muscles  in  such  an  action  as  rising  on  the  toes  has  a  complex 
mechanical  basis,  in  comparison  with  the  absolute  muscular  force  of 
the  isolated  gastrocnemius.     Moreover,  in  exhibitions  of  voluntary 
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muscle  power  the  mechanism  involved  is  a  neuro-muacular  one,  in 
which  the  nervous  part  may  have  as  much  hand  in  determining  the 
degree  of  activity  as  the  purely  muscular.  Thus,  so  far  as  the  actual 
use  of  the  muscles  is  concerned,  effective  strength  rather  than  intrinsic 
muscle  power  is  of  significance. 

Source  of  the  material.  In  connection  with  the  development  and 
use  of  a  system  of  muscle-testing  intended  primarily  as  a  feature  of 
the  after-care  of  infantile  paralysis  (4),  a  large  scries  of  observations 
of  normal  muscular-strength  was  obtained.  Part  of  the  tests  were 
made  in  the  Orthopedic  Department  of  the  Children's  Hospital,  Bos- 
ton.    Most  of  the  others  were  made  at  various  points  in  Vermont. 

The  muscle  tent.  Detailed  descriptions  of  the  system  of  muscle- 
testing  are  given  elsewhere  (4),  (5).  For  the  present  purpose  only  the 
genera]  features  of  the  test  will  l>c  described.  The  value  obtained  for 
each  muscle-group  is  the  "breaking  strength."  By  this  is  meant  the 
tension  shown  on  a  spring-balance  at  the  instant  the  resistance  of  the 
contracted  muscle  is  overcome  by  a  pull  in  the  opposite  direction,  ex- 
erted through  the  balance.  Traction  is  afforded  by  a  sling  placed  at 
a  selected  point  on  the  part  in  which  the  muscle-group  has  its  insertion. 
Standard  positions  for  the  sling  and  for  the  regions  involved  are  used. 
These  are  so  selected  as  to  l>c  easily  located  and  to  afford  satisfactory 
mechanical  conditions.  Care  is  taken  throughout  that  all  purely 
physical  factors,  such  as  line  of  pull,  shall  l>e  kept  as  nearly  constant 
as  possible.  In  this  investigation  the  readings  were  taken  in  pounds 
and  the  attempt  was  made  to  read  to  the  nearest  half-pound.  Tests 
on  eleven  muscle-groups  on  each  arm  and  ten  on  each  leg  were  used,  a 
total  of  forty-two.  These  are  enumerated  in  table  2.  An  additional 
arm  group,  the  abductor  of  the  thumb,  was  tested,  but  this  is  so  weak, 
especially  in  young  children,  that  the  probable  error  on  a  scale  read 
only  to  half-pounds  is  too  great  to  justify  its  inclusion  in  a  statistical 
study.  This  group  is  omitted,  therefore,  in  all  the  data  considered 
herewith. 

Suhjrctn.  Tests  available  for  this  study  were  had  on  two  hundred 
and  forty  individuals.  These  included  one  hundred  and *t went y-eight 
males  and  one  hundred  and  twelve  females.  All  ages  were  repre- 
sented from  four  to  eighteen.  The  age  distribution  is  given  in  table  1. 
Since  only  the  most  advance  I  four-year  old  children  could  l>e  reliably 
tested  they  are  not  listed  separately,  but  are  included  under  ng>>  5. 
Many  of  the  subjects  (one  humirni  and  sixty- •ightJ  were  patients  on 
whom  the  diagnosis  of  infantile  paralysis  hid  ht>ntuade.     In  all  saw 
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seven  the  acute  stage  was  a  year  or  more  in  the  past.  The  others  were 
Buch  as  came  to  hand  conveniently  while  tests  were  in  progress.  Many 
of  them  had  localized  abnormalities,  such  as  club-foot  or  slight  scolio- 
sis, but  in  no  case  were  the  abnormalities  of  such  a  character  as  to  viti- 
ate the  value  of  the  readings  taken.  The  group  of  subjects  as  a  whole 
was  fairly  representative.  There  were  a  few  cases  from  the  slums  of 
the  city  in  which  there  was  obvious  under-nourishment.  In  most  of 
the  cases,  however,  there  was  no  indication  of  malnutrition.  A  large 
percentage  of  the  subjects  were  cripples  in  whom  active  exercise  was  a 

TABLE  i 
Subjects  tested,  grouped  according  to  sex  and  age 


«. 

*«*. 

™™ 

«*l 

5 

16 

12 

28 

6 

11 

8 

19 

7 

20 

17 

37 

8 

16 

16 

32 

9 

14 

17 

31 

10 

6 

11 

17 

It 

13 

4 

17 

12 

6 

4 

10 

13 

3 

6 

9 

14 

1 

2 

3 

15 

6 

1 

7 

16 

6 

fi 

11 

17 

6 

2 

8 

18 

4 

7 

11 

Totals 

128 

112 

240 

matter  of  difficulty.  Although  one  would  prefer  for  a  study  of  this 
sort  subjects  who  had  not  suffered  from  a  disabling  illness,  the  oppor- 
tunity of  obtaining  a  series  of  normal  children  even  approximately  as 
extensive  as  this  seemed  too  remote  to  justify  postponement  of  the 
present  analysis.  It  may  be  said,  furthermore,  in  favor  of  this  group 
of  subjects,  that  the  less  amount  of  activity  would  tend  to  diminish  the 
occurrence  of  special  exercise  effects,  leaving  the  group  particularly 
representative  of  the  conditions  determining  general  muscular  strength, 
independent  of  the  effects  of  specific  exercises.  In  this  respect  it  was, 
perhaps,  as  satisfactory  as  would  have  been  a  group  of  strictly  normal 
individuals. 
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Musuelar  symmetry.  The  expression  of  strength  in  this  study  is  taken 
as  the  sum  of  the  observed  strengths  of  the  muscle-groups  listed  in 
table  2.  Inasmuch  as  so  large  a  proportion  of  the  subjects  had  some 
muscle-groups  not  of  normal  strength,  and  therefore  not  possible  of 
inclusion,  a  method  had  to  be  devised  at  the  outset  by  which  allowance 
could  be  made  for  the  omitted  muscle-groups  in  stating  the  total 
strength  of  the  individual.  The  method  adopted  was  to  determine 
for  this  series  of  subjects  the  average  percentage  distribution  of  strength 
among  the  various  muscle-groups.  As  a  first  step  in  this  procedure 
the  subjects  were  classified  by  ages.  Then  the  average  strength  of 
each  muscle-group  was  determined  for  all  the  subjects  of  a  given  age. 
On  the  basis  of  these  average  figures  the  percentage  distribution  of  the 
total  strength  among  all  the  muscle-groups  was  determined  for  each  age 
and  the  result  tabulated.  An  interesting  point  brought  out  by  study 
of  this  tabulation  is  confirmation,  for  children,  of  the  fact  established 
by  Kellogg  for  adults  (loc.  cit.,  table  1)  that  there  is  much  less  differ- 
ence between  the  right  and  left  sides  of  the  body  than  is  generally  sup- 
posed. In  fact,  the  percentage  differences  between  the  two  sides  are 
neither  great  enough  nor  constant  enough  to  involve  serious  error  if 
the  two  aides  of  the  body  are  assumed  to  be  equally  strong.  In  order 
to  simplify  the  mathematical  procedure  this  assumption  was  adopted. 
It  was  found,  furthermore,  that  the  percentage  distributions  of  muscu- 
lar strength  for  the  various  ages  fall  naturally  into  three  scries.  The 
first  of  these  includes  the  ages  5,  6  and  7;  the  second  the  ages  from  8 
to  12  inclusive;  and  the  third  the  ages  from  13  to  18  inclusive.  For  the 
practical  purposes  of  this  study  the  averages  for  the  different  muscle- 
groups  for  these  age  groupings  were  taken.  These  are  set  forth  in 
table  2.  In  a  later  section,  under  the  heading  "Strength  Distribution" 
the  validity  of  table  2  is  considered  statistically.  As  a  matter  of  inter- 
est, the  actual  average  percentage  distribution  of  strength  for  the  two 
sides  of  the  body  and  for  the  arms  and  legs,  for  the  different  age 
groups,  is  given  in  table  3. 

The  calculation  of  total  strength. — The  method  of  computing  total 
strength  when  some  muscle-groups  arc  missing  is  as  follows:  The  ag- 
gregate strength  of  the  muscle-groups  on  which  tests  have  been  made  is 
determined  (designated  A);  from  the  figures  of  table  2  the  percentage 
of  the  total  strength  represented  by  those  muscle-groups  is  found  (desig- 
nated P);  the  calculation  of  the  theoretical  entire  strength  (designated 

As  a  check  upon 
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TABLES 
Average  percentage  distribution  of  strength  among  the  muscles 


... 

a  to  7 

8  to  U 

(  13  to  IB 

Feet 

7.60 
3.35 
2.05 
1.95 

1.60 
1.60 
3.15 
3.35 

3.50 
1.80 

2.20 
1.45 
2.00 
1.46 

1.06 
2.60 

1.25 
2.26 

0.70 
2.75 

1.55 

9.30 
3.10 
1.95 
1.85 

1.60 
1.45 
3.05 
3.20 

3.20 
1.70 

2.10 
1.60 
2.00 
1.46 

1.75 
2.55 

1.26 
2.16 

0.70 
2.75 

1.50 

Hipe 

Shoulders 

Forearm 

Wristt 

Thumbs 

TABLE  1 

Actual  percentage  distribution  of  strength 


«■ 

(to  7 

8  toll 

IS  U  18 

49.40 
50.60 
40.40 
59.60 

49.30 
50.70 
39.30 
60.70 
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this  method  of  computing  total  strength  and  also  in  an  attempt  to  es- 
tablish a  means  of  obtaining  an  approximate  measure  of  strength  with- 
out actually  having  to  carry  through  complete  tests,  the  same  method 
of  calculation  was  applied,  using  only  the  extensors  and  flexors  of  the 
forearm  and  the  extensors  and  flexors  of  the  wrist  as  the  basis  for  calcu- 
lation. It  appears  that  in  a  large  proportion  of  individuals  the  strength 
calculations  based  only  on  the  muscles  of  the  forearm  and  wrist  agree 
reasonably  with  the  results  of  the  complete  tests.  In  the  one  hundred 
and  twenty-six  cases  of  this  scries  in  which  this  comparison  was  made, 
all  ages  and  both  sexes  being  represented,  one  hundred  and  seven 
(85  per  cent)  agree  within  15  per  cent,  and  one  hundred  and  eighteen 
(94  per  cent)  agree  within  20  per  cent.  The  Pearson  coefficient  of  cor- 
relation for  this  comparison  is  0.01^0.0168.  It  seems  fair  to  con- 
elude  that  strengths  calculated  from  tests  that  arc  nearly  complete  arc 
valid  within  the  limits  imposed  by  the  inherent  errors  of  the  test  itself. 

After  the  strengths  of  all  the  individuals  in  each  age  group  bad  been 
calculated  averages  were  made  for  each  sex  separately  at  each  age  from 
5  to  18  years.  These  averages  are  set  down  in  table  4.  As  is  at  once 
apparent  from  scrutiny  of  the  table,  the  values  here  given  are  not  to 
be  looked  upon  as  satisfactory  final  estimates  of  the  average  strengths 
for  the  various  agesof  human  beings.  Thcnumberof  cases  in  this  series 
is  too  small,  particularly  at  some  ages,  to  afford  a  basis  for  such  final 
estimates.  As  a  preliminary  toward  the  establishment  of  definite 
figures  for  the  mean  strength  at  each  age  they  serve  a  purpose,  however. 

The  relation  of  strength  to  wight.  The  next  step  was  to  determine 
whether* these  figures  of  average  strength  could  be  related  with  any 
other  known  data  which  vary  with  age.  The  obvious  comparison  is 
with  weight,  which  varies  with  age  in  a  definite  manner  and  in  which, 
moreover,  the  variations  have  been  worked  out  carefully  by  Bowditeh 
(ti)  and  others.  In  table  -t  the  average  strengths  for  the  various  ages 
are  tabulated  opposite  the  average  weights  of  the  same  subjects.  That 
there  is  a  definite  relationship  between  strength  and  weight  is  at  once 

apparent  when  the  columns  in  the  table  headed   -        ',  -  are  examined. 

might 

The  figures  in  these  columns,  when  taken  column  by  column,  so  n*  to 

divide  the  sexes,  show  an  approximate  constancy  that  is  too  striking 

to   l>e   accidental    and    that    indicate  a  definite   relationship   between 

strength  and  weight.     The  column  for  the  ratio  of  strength  to  weight 

in  males  shows  considerable  divergence  at  the  two  ends.     If  the  figures 

for  ages  5,  17  ami  18  are  omitted  the  average  of  the  entire  column  is 
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20,  the  mean  divergence  from  this  average  being  slightly  less  than  4 
per  cent,  and  the  maximum  divergence  10  per  cent.  The  figure  20 
seems  thus  to  represent  fairly  the  ideal  ratio  of  strength  to  weight  in 
male  children.  The  average  for  the  column  of  ratios  of  strength  to 
weight  in  females,  omitting  ages  15  and  17,  at  which  there  were  insuf- 
ficient data,  is  18,  with  a  mean  divergence  of  6.8  per  cent,  and  a  maximum 
divergence  of  19  per  cent.     The  figure  18  may  be  looked  upon  as  the 

TABLE  4 

Ratio  strength  to  weight;  both  sexes;  ages  5  to  18  years 


n»m 

™^ 

ATI«<J. 

A^3f 

£££ 

Strength 

*,» 

tiSS 

Strength 

BOTH  BUM 

On. 

lb: 

a*. 

a*. 

tnetu 

5 

37 

645 

17.4 

37.0 

650 

17.3 

41 

6 

41 

830 

20.2 

42.0 

700 

16.7 

44 

7 

49 

970 

19.8 

46.0 

875 

19.0 

47 

8 

S3 

1050 

19.8 

58.0 

1020 

17.6 

49 

9 

59 

1260 

21.0 

55.0 

1040 

18.9 

51 

10 

68 

1380 

20.2 

62.5 

1140 

18.6 

53 

11 

72 

1490 

20.7 

79.5 

1265 

15. A")  M 

56 

12 

85 

1600 

ls.slrt, 

104.0 

1610 

15.1  K 
Y7.9J 

58 

13 

88 

1750 

19.9  y.. 

92.0 

1640 

60 

14 

127 

230O* 

ls.i  \n 

94.0 

1710 

18.2 

62 

15 

102 

1870 

18.  ZJ 

135.0 

1760* 

13.1 

64 

16 

113 

2380 

21.1 

114.0 

2450 

21.5 

66 

17 

113 

2680 

23.2 

83.5 

1220t 

14.6 

67 

18 

155 

3590 

23.2 

135.0 

2500 

19.1 

67 

•  One  case  only. 

t  Two  cases  only,  both  severely  affected  by  previous  attacks  of  infancile  paral- 
ysis. 

ideal  ratio  of  strength  to  weight  in  female  children.  The  coefficient, 
of  correlation  between  strength  and  weight  is,  for  male  children, 
0.93  *  0.009,  and  for  female  children,  0.86  *  0.019. 

The  ratio  for  male  children,  at  age  5  is  seen  in  the  table  to  be  17.4. 
This  figure  is  so  closely  approximate  to  the  general  ratio  for  female 
children  as  to  suggest  that  at  that  age  there  is  no  sex  difference  in  respect 
to  strength.  A  point  that  may  be  worth  making  in  this  connection 
is  that  in  this  series  of  subjects  the  average  weights  at  age  5  are  the 
same  for  both  males  and  females  (see  table  4).  If  one  takes  the  ground 
that  both  weight  and  strength  are  infantile  in  type  up  to  this  age  the 
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suggestion  follows  that  the  female  standard  represents  a  continuation 
of  the  infantile  ratio,  while  in  the  male  there  is  a  departure  therefrom 
in  the  direction  of  a  greater  strength  per  unit  of  weight.  It  should  be  - 
noted  that  the  difference  of  ratio  in  favor  of  the  male  is  not  great, 
being  only  10  per  cent.  The  ratios  for  ages  17  and  18  in  males  are 
definitely  higher  than  the  average  for  the  earlier  ages.  These  higher 
ratios  indicate  that  in  adults  there  may  be  regularly  higher  ratios  than 
in  children,  and  that  boys  of  17  and  18  are  attaining  the  adult  condition 
in  this  regard. 

table  ■ 

Companion  of  actual  ttrengtki  for  the  runout  age*  with  theoretical  strength*  com- 
puted by  multiplying  the  Bou-dileh  figures  for  weight  by  the  ratio*  of  ttrtngth  to 
wright  a*  tttablUhtd  for  the  two  lezei 


««- 

r-^ 

"" 

BmUMfc 

CakubUd 

AwiuJ 

Bowdiwta 

CkuLwd 

Actual 

«i*ht 

■tnocUi 

MnecUi 

wmtht 

Mnocth 

s 

41.1 

740 

045 

30.7 

710 

050 

8 

45.2 

905 

830 

43.3 

780 

700 

7 

..    49.1 

980 

970 

47.6 

855 

875 

8 

53.9 

1080 

1050 

52.0 

935 

1020 

0 

59  2 

1180 

1200 

57.0 

1030 

1040 

10 

V.3 

1310 

1380 

62.3 

1120 

1140 

11 

70-2 

1400 

HIM 

68  8 

1240 

1285 

13 

76  0 

1540 

1600 

78.3 

1410 

1610 

13 

84  8 

.1700 

1750 

88  6 

1600 

1640 

14 

94.0 

1000 

2300* 

98.4 

1770 

1710 

15 

107.1 

2070 

1870 

108.1 

1910 

1780* 

in 

121.0 

2420 

2380 

112.0 

2020 

3450 

17 

115.0 

2070 

1220t 

18 

115  2 

2075 

25001 

*  One  cue  only. 

t  Two  ciwi,  both  severely  paralysed. 

I  The  average  weight  of  these  aubjecte  waa  135  Iba.;  X  Iba.  more  than  the 
Bowdilch  figure. 

As  a  further  check  upon  the  validity  of  the  ratios  of  strength  to  weight 
here  proposed,  the  theoretical  strengths  for  each  age  in  males  and 
females  were  calculated  by  multiplying  the  mean  weights  given  in  the 
Bowditch  table  by  the  proponed  ratios  namely,  20  for  males  from  6  to 
16  years  of  age  and  18  for  males  of  5  years  and  all  females.  These 
theoretical  strengths  (wee  table  5)  were  then  compared  with  the  actual 
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strengths  previously  found.  If  we  omit  from  the  comparison  age  14  in 
males  and  ages  15, 17  and  18  in  females,  the  first  three  because  of  insuf- 
ficient data  and  the  last  because  the  18  year  old  females  of  this  series 
greatly  outweighed  the  Bowditch  figure  for  this  age,  the  mean  differ- 
ence between  the  theoretical  and  the  actual  strength-averages  is  only 
6.1  per  cent.  The  coefficient  of  correlation  between  the  two  sets  of 
averages  is  0.977  *  0.007.  If  all  ages  are  included  except  age  17  in 
females,  which  obviously  should  under  no  conditions  be  counted,  the 
mean  difference  becomes  7.1  per  cent.  This  very  close  correspondence 
strengthens  the  view  that  in  the  ratios  proposed  we  have  a  close, 
approximation  to  what  we  may  call  the  normal  relationship  between 
the  strength  of  the  selected  series  of  muscle-groups  on  which  this 
study  is  based  and  the  body-weight. 

The  strength-weight  ratios  proposed  above  were  determined  on  the 
basis  of  average  strengths  and  average  weights  for  each  age.  If  they 
represent  truly  the  relationship  assumed  for  them  they  should  apply 
to  individuals  as  well  as  to  averages,  and  they  should  hold  good  in 
those  subjects  whose  weight  does  not  correspond  with  the  average  for 
their  age  as  well  as  in  those  whose  weight  agrees  with  age  expectation. 
To  test  their  individual  application  in  these  regards  is  the  purpose  of 
the  next  portion  of  this  paper.  Among  the  subjects  tested  were  ninety- 
eight  males  and  ninety-one  females,  one  hundred  and  eighty-nine  alto- 
gether, whose  weights  were  determined  at  the  time  the  tests  were  made. 
Unfortunately  not  all  the  cases  examined  could  be  weighed  because  in 
several  of  the  towns  in  which  tests  were  carried  on  it  was  not  found 
possible  to  obtain  the  use  of  suitable  scales.  The  average  weights  set 
down  in  table  4  were  calculated  from  the  subjects  that  were  actually 
weighed,  and  the  average  strengths  were  calculated  from  all  the  sub- 
jects of  the  proper  age,  regardless  of  whether  their  weights  were  known 
or  not.  Thus  the  two  sets  of  averages  are  not  based  on  identical 
cases  throughout.  This  makes  it  all  the  more  desirable  to  check  the 
assumed  strength-weight  ratios  by  applying  them  to  individuals.  A 
simple  means  of  doing  this  is  to  determine  the  strength-weight  ratio  - 
for  each  subject  whose  weight  is  known  and  then  to  find  the  average  for 
each  sex  separately.  When  this  was  done  the  average  for  males  was 
found  to  be  19.9  and  for  females  18.  These  ratios  agree  closely  enough 
with  those  obtained  above  to  serve  as  verification  of  them. 

A  well-known  element  in  the  acceptance  of  averages  as  truly  represen- 
tative is  that  the  individual  data  on  which  they  are  based  shall  be 
shown  to  cluster  around  them  within  reasonable  limits.     It  is  not  easy 
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to  decide  for  this  set  of  data  what  arc  the  proper  limits;  in  other  words, 
to  tell  how  widely  the  strength  of  an  individual  may  vary  from  the  theo- 
retical and  he  still  be  considered  of  "normal"  strength.  In  view  of  the 
many  factors  that  may  influence  strength  and  of  the  errors  that  are 
bound  to  inhere  in  a  system  of  tests  based  on  volition,  it  seems  to  me 
reasonable  to  allow  a  variation  of  15  per  cent  on  either  side  of  the  theo- 
retical before  considering  the  subject  to  be  cither  below  or  above  "nor- 
mal."  Of  the  one  hundred  and  eighty-nine  cases  here  under  consider- 
ation one  hundred  and  nineteen  (63  per  cent)  were  of  "normal"  strength 
according  to  the  criterion  just  proposed.  Thirty-five  (18.5  per  cent) 
were  below  "normal"  and  an  equal  numl>er  above  "normal."  Since 
the  limits  of  "normality"  are  purely  empirical,  as  they  must  be  on  so 
meager  data,  caution  must  be  observed  in  drawing  conclusions  as  to 
the  factors  which  condition  departures  from  "normality."  It  hap- 
pens that  in  this  scries  the  individuals  listed  as  "not  normal"  are 
equally  divided  between  the  sexes.  This  is  true  both  of  those  that 
are  of  less  than  "  normal"  strength  and  of  those  that  are  stronger  than 
the  average.  There  is  nothing  to  indicate  a  greater  liability  to  diver- 
gence at  some  ages  than  at  others  although  this  series  is  not  large 
enough  to  bring  out  such  a  tendency  even  though  one  were  present. 
Scrutiny  of  the  individual  cases  included  under  the  captions  "less 
than  normal"  on  the  one  hand  and  "more  than  normal"  on  the  other 
suggests  that  many  of  them  were  actually  weaker  or  stronger  than  the 
average  for  their  ages,  so  that  their  presence  in  the  series  helps  to  ac- 
count for  the  relatively  large  proportion  of  the  total  which  falls  outside 
the  "normal"  limits.  Thus  half  of  those  in  the  list  of  "weaker  than 
normal"  were  infantile  paralysis  cases  in  which  the  test  of  strength  was 
made  approximately  a  year  after  the  onset  of  the  disease.  The  |**r- 
centage  of  similarly  recent  onsets  among  the  "normally  strong"  rases 
is  less  than  half  as  large.  Almost  without  exception  the  children  in  this 
group  presented  an  appearance  of  delicacy  which  would  naturally  be 
associated  in  the  mind  of  an  observer  with  less  than  normal  muscular 
strength.  The  group  of  "more  than  average  strength"  consisted  of 
children  who  were,  to  the  most  casual  observation,  of  unusual  rugged- 
ness  and  vigor.  More  than  half  of  them,  nineteen  out  of  thirty-live, 
were  undersized.  That  is,  they  were  both  shorter  and  lighter  in  weight 
than  the  average  for  their  ages.  One  would  lie.  inclined  to  expert  to 
find  a  tendency  toward  a  high  strength-weight  ratio  among  those  who 
arc  small  for  their  ages,  provided  the  small  size  docs  not  involve  a 
serious  deficiency  in  annum!  of  muscular  li«iie.     On  the  whole,  the 
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departures  from  "normality"  in  this  series  do  not  seem  to  be  more 
extensive  than  may  properly  be  anticipated.  The  further  condition  to 
be  fulfilled  by  the  strength-weight  ratios,  as  stated  above,  is  that  they 
shall  hold  for  individuals  whose  weight  falls  outside  the  expectation 
for  their  age  as  well  as  for  those  whose  weight  accords  with  age-expec- 
tation. Among  the  one  hundred  and  eighty-nine  cases  making  up  the 
series  now  under  examination  there  were  seventy-seven  whose  weight 
varied  from  the  average  for  their  age  by  five  pounds  or  more.  Forty- 
five  of  these  were  underweight  and  thirty-two  overweight.  Twenty- 
three  of  the  overweight  (72  per  cent)  were  included  among  the  "nor- 
mally strong."  Seven  were  weaker  than  "normal"  and  two  stronger 
Twenty-one  of  the  underweight,  slightly  less  than  half,  were  of  "nor- 
mal" strength.  Nineteen,  as  stated  above,  were  stronger  than  "nor- 
mal" and  five  weaker.  Except  for  the  probability,  already  mentioned, 
that  undersized  persons  are  likely  to  have  a  high  strength-weight  ratio, 
it  is  seen,  thus,  that  the  adopted  ratios  hold  for  individuals  who  are  not 
of  average  weight  for  their  age. 

The  relation  of  strength  to  height.  Another  factor  which  varies  in  a 
fixed  manner  from  year  to  year  of  age  and  which,  therefore,  may  prop- 
erly be  compared  with  strength,  is  height.  At  first  glance  one  would  be 
inclined  to  suppose  that  effective  strength  would  vary  inversely  with 
height  so  long  as  other  factors  remained  constant.  The  greater  length 
of  arms  and  legs  would  appear  to  diminish  the  effective  leverage  of 
many  muscle-groups.  As  a  matter  of  fact  this  series  of  subjects  gave 
no  indication  that  undue  height  is  accompanied  by  relatively  less  strength. 
Of  twenty-three  individuals  who  were  decidedly  taller  than  the  average 
for  their  weight  only  two  showed  less  than  "normal"  strength.  Five, 
on  the  other  hand,  were  stronger  than  "normal."  In  general  the  rela- 
tionship of  strengtn  to  height  seems  to  be  that  which  should  follow 
from  the  ratio  of  strength  to  weight  as  stated  above  and  the  relationship 
of  height  to  weight  as  determined  by  the  principle  that  the  mass  varies 
as  the  cube  of  the  length.  Since  this  principle  applies  in  human  beings 
to  the  ratio  of  weight  to  height  and  since  the  relationship  of  strength 
to  weight  is  direct,  it  follows  that  the  strength  should  vary  as  the  cube 
of  the  height.  This  it  does  approximately,  but  the  presentation  of  a 
curve  in  demonstration  of  the  fact  seems  unnecessary  inasmuch  as  all 
the  essential  data  have  been  already  presented  in  tables  above.  (See 
table  4  for  average  heights.) 

Strength-distribution.  In  addition  to  affording  evidence  that  the 
strength  tends  to  bear  a  fixed  ratio  to  weight  and  a  definite  relationship 
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to  the  cube  of  the  height,  the  data  here  under  examination  furnish  a 
means  of  determining  the  average  distribution  of  the  strength  among 
the  muscle  groups,  in  other  words  the  "muscular  symmetry."  In  an 
earlier  section,  as  an  aid  to  the  calculation  of  total  strength  when  some 
muscle-groups  were  not  available  for  testing,  the  table  of  ideal  Btrength- 
dtstribution  is  set  down  (table  2).  The  subject  is  reopened  here  in 
order  to  emphasize  the  possible  significance  of  data  of  this  kind,  espe- 
cially in  connection  with  the  interpretation  of  specific  exercise  effects  or 
of  limitations  of  activity  due  to  habits  or  clothing  (7).  Obviously  the 
possession  of  ideal  standards  of  strength-distribution  is  the  first  requi- 
site toward  such  interpretations.  The  particular  standards  here  pre- 
sented are  based  upon  averages  from  a  rather  limited  series  of  cases. 
For  that  reason  they  are  subject  to  some  modification  as  more  data  are 
accumulated.  Their  validity  as  standards  must  )>e  established,  further- 
more, by  the  demonstration  that  they  are  truly  representative,  that 
the  deviations  of  individual  cases  from  the  averages  proposed  as  stand- 
ards are  not  unduly  wide.  In  the  table  of  strength-distributions  (table 
2)  standards  for  three  age  groups  are  submitted  instead  of  standards 
for  each  age.  Moreover,  the  same  figures  are  proposed  for  given  muscle- 
groups  on  the  right  and  left  sides  of  the  body,  notwithstanding  that 
there  is  a  slight  general  preponderance  of  strength  on  the  right  side. 
Although  in  making  these  changes  certain  errors  are  introduced,  the 
practical  advantage  is  so  great,  since  the  number  of  figures  in  the  table 
is  reduced  from  588,  the  number  when  all  ages  and  both  sides  of  the 
body  are  included,  to  63,  the  present  number,  that  the  errors  arc  per- 
missible provided  they  are  not  too  great.  The  extent  of  error  is  indi- 
cated by  a  direct  comparison  of  the  substituted  figures  with  those  they 
are  designed  to  replace.  This  comparison  shows  that  83  per  cent  of 
(he  588  figures  in  the  large  table  agree  with  the  sulwitituted  figures 
within  10  per  cent;  all  but  45  of  the  588,  or  93  per  cent,  agree  within 
15  per  cent;  and  the  average  deviation  of  the  entire  scries  is  only  6.2 
per  cent.  Furthermore,  more  than  half  of  the  wide  deviations  (29 
out  of  45)  are  in  the  ages  13, 14,  15  and  17,  in  which,  as  table  I  shows, 
there  were'  the  fewest  subjects  and  in  which  also  the  additional  factor 
of  differences  in  strength-distribution  on  account  of  sex  might  l«e  ex- 
pected to  show  if  such  differences  exist. 

The  real  test  of  the  validity  of  the  figures  proposed  as  standards  of 
strength-distribution  must  come  from  a  comparison  with  them  of  the 
strength-distribution  in  individuals.  This  comparison  has  l>een  made 
in  ail  of  the  two  hundred  and  forty  cases  making  up  this  series.     Tho 
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method  used  was  to  determine  for  each  subject  the  percentage  of  his 
calculated  total  strength  represented  by  each  of  his  normal  muscle- 
groups,  and  then  to  find  the  percentage  deviation  of  each  group  from 
the  standard  as  given  in  table  2.  The  mean  deviation  from  standard 
of  all  the  normal  muscles  in  any  individual  gives  an  expression  of  bis 
symmetry.  Obviously,  if  his  strength-distribution  corresponds  exactly 
with  that  given  in  table  2  for  his  age-group  his  mean  deviation  will  be 
zero;  the  figure  for  mean  deviation  will  become  larger  and  larger  as 
various  muscle-groups  differ  more  and  more  widely  from  the  standard. 

table  « 
Mtan  deviations  from  ideal  symmetry.     The  number*  in  the  different  columns  itand 
for  the  number  of  cases  whose  mean  deviations  Jell  within   the   limits  indicated 
at  the  head  of  the  columns 
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Totals 

53 

94 

72 

21 

Average  deviation  from  ideal  symmetry  of  entire  series  of  240  cases  —  18.7 
per  cent. 

For  convenience  of  reference  the  observed  mean  deviations  for  the  sub- 
jects of  this  study  are  tabulated  in  table  6.  The  range  of  deviations 
in  the  different  columns  was  selected  arbitrarily  but  with  the  idea  of 
grouping  the  exceptionally  symmetrical  cases  in  one  column,  the  fairly 
symmetrical  in  another,  the  somewhat  unsymmetrical  in  a  third  and 
the  definitely  non-symmetrical  in  a  fourth.  The  physical  appearance 
of  the  subjects,  as  suggesting  symmetry  or  non-symmetry,  had  some- 
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thing  to  do  with  the  establishment  of  the  limits  of  the  different  col- 
umns. Those  whose  mean  deviations  did  not  exceed  12.5  per  cent  were 
to  the  most  casual  inspection  exceptionally  symmetrical  in  bodily  con- 
figuration. Those  that  fell  in  the  second  group,  with  mean  deviations 
not  exceeding  17.5  per  cent,  presented  the  physical  appearance  of  sym- 
metry, probably  not  distinguishable  from  the  members  of  the  first 
group  except,  perhaps,  on  the  basis  of  actual  measurements.  The 
third  group,  consisting  of  subjects  whose  mean  deviations  fell  between 
17.IS  per  cent  and  22.5  per  cent,  included  many  who  were  definitely 
recognizable  as  likely  to  be  somewhat  unsymmetrical;  thus  in  this 
group  were  a  number  who  were  conspicuously  strong  for  their  age  and 
size;  others  were  as  evidently  weaker  than  normal;  still  others  showed 
perceptible  disproportion  t>ctween  arms  and  legs.  All  these  conditions 
might  tend  toward  diminished  symmetry.  The  members  of  the  fourth 
group,  with  few  exceptions,  were  cases  that  might  be  picked  out  by  any 
careful  ol»server  as  unsymmetrical,  except  for  three  very  young  children, 
included  in  the  list  of  5-year-old  cases,  but  actually  only  4  years  of 
age.  It  is  probable  that  the  tests  on  these  very  young  children  were  less 
reliable  than  those  of  the  older  subjects.  One  11-year-old  girl  and 
two  Ixiys,  16  and  18  years  old  respectively,  gave  tests  which  brought 
them  into  this  group,  without  there  being  any  obvious  physical  de- 
parture from  symmetry.  All  the  others  of  the  fourth,  or  non-sym- 
metrical group,  were  readily  recognizable  from  mere  inspection  as 
belonging  to  it. 

Included  in  columns  1  and  2  of  table  6  are  one  hundred  anil  forty- 
seven  cases,  reckoned  in  this  classification  as  fairly  or  exceptionally 
symmetrical.  These  make  up  (II  per  cent  of  the  entire  series  of  two 
hundred  and  forty  casi-s.  Included  among  the  remaining  39  per  cent 
or  ninety-three  cast's,  arc  eight  that  exceed  the  limit  of  column  2  by 
so  narrow  a  margin  that  a  change  of  10  per  cent  in  the  right  direction 
in  the  single  muscle-group  furthest  removed  from  idea]  symmetry 
would  bring  them  into  column  2,  and  at  leant  thirty-five  rases  that  for 
one  reason  or  another  would  In-  expert nl  to  show  considerable  depar- 
ture from  ideal  symmetry.  The  remaining  fifty  cases  const itutea  group 
of  unexplained  deviation  from  symmetry  which  is  probably  no  larger 
than  may  l»c  expected  to  appear  in  such  a  series  as  this.  When  we 
recall  the  nature  of  the  test  together  with  the  readiness  with  which 
individual  musile-groii[w  may  lie  developed  by  special  rxerri-es  and 
the  likelihood  that  in  any  group  .,f  tni,  hundred  and  forty  children  a 
manlier  would  l>e  found  who  had  Is-eii  accustomed  to  ii-tng  particular 
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muscle-groups  to  a  greater  degree  than  common,  the  percentage  of 
satisfactorily  symmetrical  cases  seems  ample. 

An  additional  check  upon  the  validity  of  the  proposed  standards  of 
strength-distribution  is  afforded  by  the  study  of  individual  muscle- 
group  percentage  distributions  as  distinct  from  the  averaged  records  of 
all  the  tests  upon  single  subjects.  Since  a  mean  deviation  of  17.5  per 
cent  was  adopted  as  the  upper  limit  of  reasonable  symmetry  in  the 
subject,  a  slightly  higher  deviation,  20  per  cent,  may  be  permitted  in 
the  individual  muscle-group.  Of  the  entire  number  of  muscle-groups 
tested  70  per  cent  agreed  with  expectation  within  20  per  cent ,  the  remain- 
ing 30  per  cent  diverging  from  expectation  more  widely  than  20  per 
cent.  In  the  case  of  individual  muscle-groups  "  expectation"  consists 
of  the  percentage  figure  for  the  muscle-group  in  question  as  set  down 
in  table  2.  An  agreement  within  satisfactory  limits  of  70  per  cent  »of 
all  the  muscle-groups  tested  is  probably  as  good  as  can  be  hoped  for, 
considering  the  nature  of  the  tests.  So  far  as  the  material  at  hand  is 
concerned  there  seems  sufficient  justification  for  the  adoption  of  the 
average  strength-distributions  of  table  2  as  standards  of  symmetry  in 
children. 

DISCUSSION 

The  early  part  of  this  paper  is  devoted  to  an  account  of  observations 
which  show  that  in  children  the  strength  tends  to  bear  a  fixed  relation 
to  body-weight.  In  placing  this  interpretation  upon  the  observations 
no  violence  is  done  to  prevailing  ideas.  It  is  a  commonplace  that  the 
strength  of  individual  muscle  -groups  is  determined  largely  by  the  use 
to  which  those  groups  are  put.  In  cases  where  specific  exercise  effects 
are  not  present,  which  are  precisely  the  sort  of  cases  to  which  this  dis- 
cussion is  intended  to  apply,  the  one  element  of  muscle-use  which  is 
constantly  operative  and  which  enters  as  a  factor  in  all  muscular  move- 
ments, is  weight,  either  of  the  enti.e  body  or  of  the  part  of  the  body  in 
which  a  particular  muscle-group  has  insertion.  The  strength-we'ght 
ratios  suggested  by  these  observations  are,  of  course,  applicable  only 
in  connection  with  this  special  system  of  muscle-testing  and  they  are 
subject  to  minor  modification  when  larger  series  of  tests  are  available, 
but  the  principle  here  advocated,  that  in  the  absence  of  specific  exer- 
cise effects  the  body-weight  is  the  determining  factor  of  strength,  seems 
worthy  of  serious  consideration.  If  this  principle  can  be  definitely  es- 
tablished we  have  a  generalization  on  which  to  base  expectations  of 
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strength  in  individuals,  and  a  point  of  departure  from  which  to  analyse 
the  effects  on  strength  of  given  amounts  or  kinds  of  exercise. 

Similarly,  as  brought  out  above  (p.  77),  information  as  to  the  ideal 
distribution  of  strength  among  the  muscle-groups  may  enable  us  to 
interpret  and  perhaps  to  regulate  departures  from  the  ideal  due  to 
special  exercises  or  to  particular  habits.  Standards  of  muscular  sym- 
metry may  come  to  have  a  value  comparable  to  that  of  standards  of 
anatomical  symmetry. 

As  a  contribution  toward  the  establishment  of  quantitative  stand- 
ards of  physiological  activities  these  observations  are  submitted. 


1.  Strength  teats  by  means  of  a  spring-balance  method"  were  made 
on  two  hundred  and  forty  children  between  the  ages  of  5  and  IS  years. 

2.  The  average  percentage  distribution  of  the  strength  among  the 
muscles  of  the  body  is  determined  for  each  age.  It  is  found  that  the 
percentage  distribution  of  strength  among  the  muscles  can  be  stated 
for  three  age-groups,  5  to  7,  8  to  12,  and  13  to  18  without  introducing 
serious  error.  These  percentage  distributions  (table  2)  are  proposed 
as  standards  of  muscular  symmetry  in  children. 

3.  The  previous  finding  of  Kellogg  that  there  is  relatively  little 
difference  in  strength  between  the  two  sides  of  the  body  is  confirmed. 

4.  Data  are  presented  to  show  that  calculations  of  entire  strength 
based  upon  tests  of  only  part  of  the  muscle-groups  in  the  body  are  valid 
within  a  reasonable  margin  of  error. 

5.  The  average  strength  for  each  age  is  found.  It  is  somewhat  leas 
in  females  than  in  males. 

6.  The  ratio  of  the  average  strength  for  any  age  to  the  average  weight 
for  the  same  age,  keeping  the  sexes  separate,  is  approximately  constant. 
The  value  of  this  constant  for  males  is  20  and  for  females  18.  For 
males  of  5  years  or  less  the  ratio  is  the  same  as  for  female  children  of 
all  ages.     Males  al>ove  16  years  have  a  higher  ratio  than  20. 

7.  Application  to  individuals,  regardless  of  their  ages,  of  the  above 
constants,  shows  that  the  ratios  apply  within  a  reasonable  limit  to  63 
per  cent  of  the  cases  examined. 

8.  The  relation  of  strength  to  height  is  that  which  should  follow 
from  the  principle  that  the  mass  varies  as  the  cube  of  a  linear  dimen- 
sion and  from  the  demonstration  that  the  strength  varies  directly  as 
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the  weight.     There  is  no  evidence  that  undue  height  tends  to  reduce 
the  effective  strength. 

9.  The  fixed  ratio  of  strength  to  weight  is  interpreted  as  signifying 
that  the  effective  strength,  as  manifested  in  volitional  efforts,  depends, 
in  the  absence  of  specific  exercise  effects,  upon  the  constantly  operative 
factor  of  weight,  either  of  the  entire  body  or  of  the  part  moved  by  a 
particular  muscle-group. 
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VI.  The  Effect  of  Adrf.nalin  and  Pitcitrin  on  the  Action  of 
the  Kidney  under  Strain1 

T.  ADDIS,  M,  C.  FOSTER  and  G.  D.  BARNETT 

From  tht  Medical  Division  of  Stanford  University  Medical  School,  San  Francisco 

Received  for  publication  March  15,  1918 

By  the  term  strain  is  meant  the  condition  imposed  on  the  kidney 
when  it  is  called  on  to  increase  its  rate  of  work  because  of  an  increase 
in  the  concentration  of  urinary  constituents  in  the  blood.  In  the  case 
of  urea  this  condition  may  be  induced  at  will  by  the  administration  of 
preformed  urea.  The  following  table  shows  how  the  rabbit's  kidney 
reacts  to  the  strain  resulting  from  the  introduction  into  the  stomach  of 
5  grams  of  urea. 

TABLE  I 


Effect  of  strain  <>«  the  urea  i 


ling  activity  of  tht  kidney 
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Doth  of  the  groups  of  animals  compared  in  the  above  table  were 
under  exactly  the  same  experimental  conditions  except  that  the  rab- 
bita  in  the  larger  group  were  given  5  grams  of  urea  dUwIved  in  2.*>  cc. 

1  A  note  on  tht  effect  of  adrenalin  and  of  pituitrin  on  the  urea  parrel  inn  func- 
tion of  the  kidney  under  strain  wan  published  in  the  I'roc.  Sue.  Kxper.  Iliol.  and 
Med..  1918,  tlv,  40. 
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of  water  at  the  beginning  of  the  experiment.  The  manner  in  which 
the  kidney  responded  to  the  strain  thus  induced  is  shown  in  the  rates  of 
urea  excretion  for  these  periods.  There  is  not  only  a  marked  increase 
in  the  amounts  of  urea  eliminated,  but  this  increase  is  relatively 
greater  than  the  increase  in  the  blood  concentration,  for  while  the  urea 
in  the  blood  is  not  much  more  than  three  times  greater,  the  urea  in  the 
urine  is  well  over  four  times  larger  in  amount  than  in  animals  not  given 
urea.  Strain,  therefore,  is  a  condition  under  which  the  urea  excreting 
activity  of  the  kidney  is  not  only  absolutely  but  also  relatively  in- 
creased. The  effort  put  forth  by  the  kidney  is  more  than  sufficient 
to  meet  the  increased  demand  for  work.  This  state  of  renal  hyper- 
activity is  expressed  in  the  greater  magnitude  of  the  ratio  between 
the  urea  content  of  the  urine  and  of  the  blood  after  urea  administra- 
tion. 

It  has  been  shown  that  the  unknown  factors  in  the  regulation  of 
renal  activity  whose  nature  we  are  investigating  reveal  their  existence 
through  the  variations  they  induce  in  the  rate  of  urea  excretion,  varia- 
tions which  cannot  be  accounted  for  as  a  result  of  changes  in  blood  urea 
concentration.  And  it  will  be  remembered  that  these  variations  become 
less  marked  the  greater  the  strain  on  the  kidney.  For  when  the  rela- 
tive incidence  of  unexplained  fluctuations  in  rate  above  and  below  the 
curve  of  the  average  rate  was  plotted  on  a  scale  according  to  the 
blood  urea  concentrations  at  which  the  rates  were  measured,  a  curve 
resulted  which  indicated  that  the  variability  of  the  rate  was  high  at 
low  blood  concentrations  but  decreased  as  the  blood  urea  concentration 
increased  (1). 

It  has  further  been  shown  that  at  low  blood  concentrations  all  de- 
grees of  those  variations  in  excess  of  the  average  rate,  which  at  times 
and  irregularly  are  observed  under  our  standard  conditions  may  be 
almost  constantly  and  at  will  induced  by  the  subcutaneous  administra- 
tions of  appropriate  amounts  of  adrenalin  (2) .  Similarly  the  variations 
below  the  curve  of  the  average  rate  which  appear  spontaneously  and 
occasionally  in  any  series  of  observations  may  be  duplicated  experi- 
mentally by  the  injection  of  pituitrin  (3). 

It  therefore  becomes  of  interest  to  determine  whether  adrenalin  and 
pituitrin  have  the  further  resemblance  to  the  unknown  factors  of  pro- 
ducing relatively  smaller  variations  above  and  below  the  curve  of  the 
average  rate  of  urea  excretion  when  the  kidney  is  under  the  condition  we 
have  defined  as  strain. 

The  effect  of  adrenalin  and  of  pituitrin  on  the  kidney  subjected  to 
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strain  in  shown  in  tables  2  and  3.  They  give  the  averages  of  groups  of 
rabbit*  without  and  with  adrenalin  or  pituitrin.  Five  grams  of  urea 
dissolved  in  25  cc.  of  water  were  given  to  each  animal  at  the  commence- 
ment of  the  experiment. 

It  is  evident  that  the  effect  of  adrenalin  and  of  pituitrin  remains 
qualitatively  the  same  under  strain  as  under  conditions  where  there  is 
no  strain.    The  ratio  is  still  increased  by  adrenalin  and  decreased  by 


TABLE  1 
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TABLE  I 
Effect  of  pituitrin  on  the  kidney  under  drain 
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pituitrin.  The  difference  between  the  levels  of  blood  urea  concentra- 
tion in  the  control  as  compared  with  the  adrenalin  and  pituitrin  experi- 
ments is  probably  due  to  a  retarding  effect  of  both  these  sul>stanccs  on 
the  rate  of  absorption  of  the  administered  urea  from  the  gas  tro-in  tea  ti- 
ns! tract,  yet  even  here  the  divergent  effect  on  the  kidney  can  be  traced, 
for  while  the  blood  concentration  tends  to  fall  toward  the  end  of  the 
experiment  in  the  adrenalin  animals,  it  continues  to  rise  progressively 
when  pituitrin  is  given. 
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The  point  with  which  we  are  immediately  concerned,  however,  is  to 
determine  whether  the  augmenting  action  of  adrenalin  and  the  depress- 
ing action  of  pituitrin  is  quantitatively  different  in  degree  under  these 
conditions  of  strain  as  compared  with. the  degree  of  their  action  under 
conditions  which  impose  no  extra  work  on  the  kidney.  But  the  per- 
centage of  change  in  rates  or  ratios  induced  by  adrenalin  or  pituitrin 
cannot  be  calculated  from  the  averages  of  the  control  experiments  be- 
cause of  the  difference  in  the  levels  of  blood  urea  concentration  to  which 
we  have  referred.  These  differences  make  the  changes  less  than  those 
which  would  have  resulted  had  an  equality  of  blood  concentration  been 
attained.     It  is,  therefore,  necessary  to  compare  either  the  rates  or 


Comparison  of  the  percentage  deviations  from  the  average  rate  of  area  ezcretionpro- 
dvced  by  adrenalin  when  acting  on  a  kidney  urithout  strain  and  when  acting  on  a 
kidney  with  strain 
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the  ratios  after  adrenalin  or  pituitrin  with  the  general  average  rate 
or  ratio  obtained  at  the  same  blood  urea  concentration  under  the  stand- 
ard control  conditions.  But  this  also  would  be  a  faulty  method-  For 
the  average  rate  and  ratio  curves  we  have  given  (4)  arc  composites  of 
rates  and  of  ratios  during  each  of  the  four  periods  of  the  experiment. 
But  we  have  shown  that  the  rates  and  ratios  increase  progressively  dur- 
ing each  successive  period,  even  though  the  blood  urea  concentration 
remains  the  same  (1).  The  curve  of  the  average  is,  therefore,  different 
for  each  period.  We  had,  however,  determined  the  curve  of  the  aver- 
age rate  of  urea  excretion  for  each  period  separately  and  we  have  ac- 
cordingly taken  these  curves  as  a  more  correct  standard  for  comparison 
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than  the  general  curve  we  gave  in  our  first  paper.  In  tables  4  and  5 
the  percentage  deviation  produced  by  adrenalin  and  by  pituitrin  from 
the  curve  of  the  average  rate  for  each  period  at  the  levels  of  blood  urea 
concentration  found  when  the  kidney  was  not  under  strain,  has  been 
compared  with  the  percentage  deviation  produced  by  the  same  amounts 
of  adrenalin  and  of  pituitrin  from  the  curve  of  the  average  rate  for 
each  period  at  the  levels  of  blood  urea  concentration  found  in  the  above 
experiments  after  the  administration  of  urea. 


Comparison  of  the  percentage  deriation*  from  the  average  rait  of  urea  excretion  pro- 
duced by  pituitrin  when  acting  on  a  kidney  irithout  etrain  and  when  acting  on  a 
kidney  with  drain 
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These  figures  show  that  strain  considerably  reduces  the  degree  of 
deviation  from  the  average.  With  low  blood  urea  concentrations  the 
rate  of  urea  excretion  is  76  per  cent  higher  with  adrenalin  when 
the  average  deviation  for  all  four  periods  is  taken.  I'nder  strain  the 
increase  is  only  45  per  cent.  With  pituitrin  a  decrease  of  51  per  cent 
without  strain  is  reduced  to  a  decrease  of  29  per  cent  under  strain. 

Adrenalin  and  pituitrin,  therefore,  resemble  the  unknown  factors 
concerned  in  the  regulation  of  renal  activity,  not  only  in  producing 
deviations  both  above  and  below  the  plane  of  activity  usually  found 
at  any  given  blood  urea  concentration  but  also  in  producing  a  lesser 
degree  of  deviation  when  the  kidney  is  under  strain. 
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CONCLUSION 


At  high  blood  urea  concentrations  the  degree  of  change  in  the  urea 
excreting  activity  of  the  kidney  produced  by  adrenalin  and  by  pituitrin 
is  less  than  at  low  blood  urea  concentrations. 
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PART  I.    THE   RELATION  OF  THE   ADRENALS  TO   PIQURE    HYPERGLYCEMIA 

We  have  recently  (1)  studied  the  question  whether  the  epinephrin 
secretion  of  the  adrenals  is  indispensable  for  the  production  of  certain 
experimental  hyperglycemias.  The  majority  of  previous  investiga- 
tions have  suffered  from  the  .defect  that  they  were  carried  out,  if  not  on 
practically  moribund  animals,  at  least  on  animals  still  under  the 
effects  of  a  serious  operation.  This  undoubtedly  is  the  chief  reason  for 
the  astonishing  lack  of  uniformity  in  the  results.  Working  with  ani- 
mals (cats)  in  which  the  epinephrin  secretion  was  abolished  or  reduced 
to  an  insignificant  fraction  of  the  normal  by  removal  of  one  adrenal  and 
section  of  the  nerves  of  the  other  {an  operation  which  does  not  preclude 
the  continued  life  of  the  animal  in  good  health),  we  were  able  to  show 
that  two  forms  of  experimental  hyperglycemia— that  produced  by  ether 
and  that  produced  by  asphyxia— are  as  readily  obtained  in  the  absence 
of  epinephrin  secretion  as  when  the  adrenals  have  not  been  interfered 
with.  We  purjioscly  reserved  the  question  of  the  relation  of  the  adre- 
nals to  piqure  hyperglycemia  for  further  investigation  since  it  is  the 
form  which  is  commonly  supposed  to  Im*  more  closely  associated  than 
any  other  with  the  activity  of  the  adrenal  medulla.  In  his  earlier 
work  Kahn  (21  was  unable  to  find  pvidenee  of  increased  epinephrin  lil>- 
cration  following  piqure.  His  later  statement  (3)  that  the  piqure 
muses  an  augmented  epinephrin  lilwralion,  even  if  it  wen-  well  founded, 
would  by  no  means  settle  the  question.  For  his  observations  furnish 
no  evidence  that  the  quantity  liberated  is  at  all  comparable  to  the 
quantity  required  to  produce  the  typical  adrenalin  hypoglycemia  and 
glycosuria  when  adrenalin  is  artificially  injected.    Itut  in  fact  Kali  if  s  cx- 
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periments  do  not  show  that  the  output  of  epinephrin  is  at  all  influenced 
by  the  sugar  puncture.  Deductions  from  the  relative  depth  of  the 
coloration  produced  by  chromium  salts  in  the  adrenal  medulla  have 
little  or  no  quantitative  value.  And  such  estimations  as  he  made  by 
the  L&wen  method  are  vitiated  by  the  fact  that  he  took  no  account  of 
changes  in  the  rate  of  blood  flow  through  the  adrenals  in  the  period 
for  which  the  animal  was  allowed  to  survive  following  the  piqure.  An 
increase  in  epinephrin  concentration  in  the  adrenal  vein  blood  shown 
by  the  perfused  frog  preparation  could  not  be  interpreted  as  an  increase 
in  the  output  of  epinephrin  per  unit  of  time  unless  it  were  known  that 
the  blood  flow  through  the  adrenals  had  not  been  proportionately  di- 
minished after  the  puncture,  as  compared  with  the  flow  during  collec- 
tion of  the  comparison  samples  before  the  puncture.  Kahn  did  not 
even  collect  pure  adrenal  vein  blood,  but  drew  off  blood  from  the  inferior 
cava.  The  difference  in  vase-constricting  power  of  different  samples  of 
serum  or  defibrinated  blood  is  also  a  factor  which  detracts  greatly  from 
the  value  of  such  estimations  on  blood-vessel  preparations. 

It  has  not  been  sufficiently  recognized  by  some  of  the  other  investi- 
gators who  have  published  experiments  purporting  to  show  an  increased 
rate  of  liberation  due  to  this  or  that  factor  that  certain  indispensable 
conditions  must  be  fulfilled  if  the  comparative  tests  are  to  have  any 
quantitative  value.  When  blood  from  the  adrenals  is  withdrawn  and 
then  tested  on  such  objects  as  rabbit  intestine  and  uterus  segments,  it  is 
practically  always  the  concentration  of  epinephrin  in  the  liquid  which  is 
estimated,  since  the  concentration  of  adrenalin  added  to  an  indifferent 
specimen  of  the  same  blood  which  will  give  an  effect  equal  to  that  of 
the  adrenal  specimen  is  determined.  The  condition  of  the  segment  in 
all  observations  which  are  to  be  compared  must  of  course  be  approxi- 
mately the  same,  as  we  have  repeatedly  pointed  out  in  other  papers. 
The  concentration  as  thus  estimated  gives  no  information  as  to  the 
rate  of  liberation  of  epinephrin  per  unit  of  time  unless  the  mean  rate 
of  blood  flow  through  the  adrenals  during  collection  of  the  given  speci- 
men is  known. 

When  deductions  are  made  in  regard  to  the  rate  of  liberation  of  epi- 
nephrin" from  experiments  on  test  objects  in  aitu'it  is  of  course  just  as  nec- 
essary to  see  that  in  any  observations  compared  the  test  object  is  in 
the  same  condition  as  regards  reactivity,  the  rate  ot  the  blood  flow 
through  it,  etc.  For  example,  von  Anrep  (4)  states  that  if  the  nerves 
of  a  hind  limb  or  kidney  be  cut,  these  denervated  parts  respond  to 
stimulation  of  afferent  nerves  (central  end  of  sciatic)  by  a  vasoconstric- 


d  by  Google 


92  0.    N.    BTEWART  AND   J.   11.    ROOOPP 

tion  if  the  adrenals  have  not  been  interfered  with,  but  only  show  the 
initial  passive  dilatation  due  to  the  rise  of  blood  pressure  if  the  adrenals 
have  been  extirpated.  He  draws  the  conclusion  that  stimulation  of 
the  sciatic  reflexly  increases  the  rate  of  liberation  of  epinephrin.  But 
granting  that  the  characteristic  vasoconstriction  can  only  be  elicited 
with  intact  adrenals  (and  von  Anrep's  careful  work  seems  to  leave  little 
doubt  that  this  is  a  fact)  this  does  not  at  all  prove  that  during 
stimulation  of  the  nerve  more  epinephrin  is  being  poured  into  the  blood 
per  unit  of  time  than  without  stimulation,  for  during  stimulation  of  the 
sciatic  the  condition  of  the  test  object  is  greatly  altered.  The  rise  of 
blood  pressure  must  necessarily  increase  the  rate  of  blood  flow  through 
the  denervated  region.  Usually  the  increase  will  be  very  considerable. 
With  the  adrenals  intact  and  steadily  discharging  epinephrin  at  the 
normal  rate,  this  means  that  the  amount  of  epinephrin  passing  per  unit 
of  time  through  the  vascular  tract  in  question  is  abruptly  and  markedly 
augmented.  If  such  denervated  areas  are  as  sensitive  to  epinephrin  as 
is  claimed,  they  may  be  expected  to  respond  to  this  increase  in  the 
amount  of  epinephrin  traversing  them,  even  if  no  change  whatever  has 
taken  place  in  the  rate  of  its  liberation  from  the  adrenals.  This  reac- 
tion, accordingly,  is  not  at  all  out  of  harmony  with  our  observations 
made  by  a  more  direct  method;  namely,  collection  of  adrenal  vein  blood 
during  and  without  afferent  nerve  stimulation,  and  testing  of  the  blood 
specimens  on  rabbit  intestine  and  uterus  segments.  If  afferent  stimu- 
lation really  causes  such  a  great  increase  in  the  output  of  epinephrin  as 
some  authors  believe,  we  ought  to  have  been  able  to  capture  some  of 
this  epinephrin-rich  blood  coming  from  the  adrenals,  but  we  found  no 
difference  in  the  output  in  samples  collected  in  equal  times  with  and  with- 
out afferent  nerve  stimulation  (5).  It  is  obvious  that  if  the  phenome- 
non studied  by  von  Anrep  is  due  to  passage  through  the  denervated 
region  of  an  increased  amount  of  blood  with  the  ordinary  content  of 
epinephrin,  it  will  necessarily  be  abolished  by  excision  of  the  adrenal  or 
by  clipping  of  the  adrenal  veins,  just  as  if  it  were  due  to  a  greatly  aug- 
mented outputof  epinephrin  produced  reflexly.  All  that  can  be  deduced 
from  the  fact  that  after  elimination  of  the  adrenals  the  vasoconstriction 
in  the  denervated  part  is  absent,  is  that  epinephrin  was  being  given  off 
from  the  adrenals,  a  fact  which  is  undisputed. 

We  have  shown*  ((5)  that  as  a  matter  of  fact  an  increase  in  the  amount 
of  blood  supplied  to  a  test  object  in  situ  (denervated  eye)  without  change 
in  the  concentration  of  the  epinephrin,  is  associated  with  an  increased 
epinephrin  reaction,  or  with  the  appearance  of  a  positive  reaction  where 
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none  was  elicited  with  the  previous  rate  of  blood  flow.  For  example, 
if  a  strength  and  duration  of  stimulation  of  the  peripheral  end  of  one 
or  of  both  splanchnics  be  sought  which  will  just  fail  to  cause  dilatation 
of  the  pupil  of  the  denervated  eye,  a  definite  dilatation  will  in  general 
be  obtained  when  certain  alternative  arterial  paths  are  occluded  at 
the  proper  time,  so  as  to  allow  more  of  the  epinephrin -containing  blood 
to  pass  to  that  eye.  The  concentration  of  epinephrin  in  the  blood  will, 
of  course,  not  be  affected.  A  precisely  similar  result  is  obtained  with  ■ 
artificially  introduced  adrenalin.  Here  it  would  be  obviously  absurd  to 
say  that  the  pupil  reaction  had  been  elicited  because  the  rate  of  libera- 
tion of  epinephrin  from  the  adrenals  or  the  rate  of  injection  of  adrenalin 
.had  been  increased  by  clamping  alternative  paths  at  a  time  when  the 
liberation  or  injection  had  been  already  completed. 

Another,  perhaps  less  important,  factor  may  be  involved  in  von 
Anrep's  experiment,  which  likewise  he  has  not  taken  into  account. 
The  reflex  vasoconstriction  associated  with  stimulation  of  the  sciatic 
may  be  expected  to  cause,  for  a  short  time  at  least, — and  this  is  all  that 
concerns  us, — a  slackening  in  the  flow  through  the  splanchnic  area  and 
therefore  a  diminution  in  the  quantity  of  blood  coming  to  the  inferior 
cava  and  mingling  with  the  adrenal  blood.1  The  epinephrin  secretion 
proceeding  unchanged  at  the  normal  rate,  the  concentration  of  epineph- 
rin in  the  blood  entering  and  leaving  the  heart  will  thus  be  increased, 
so  that  not  only  will  the  denervated  region  receive  a  much  augmented 
quantity  of  blood,  but  the  concentration  of  epinephrin  in  this  blood 
may  be  greater  than  before  the  nerve  stimulation  without  any  increase 
having  taken  place  in  the  output  of  epinephrin  per  unit  of  time. 

Von  Anrep  himself  performed  an  experiment,  which  we  believe  proves 
conclusively  that  the  effects  observed  by  him  are  not  due  to  augmented 
epinephrin  secretion  but  to  a  redistribution  of  the  blood  containing; 
epinephrin  given  off  at  the  previous  steady  rate.     He  says: 

1  The  observations  of  Edwards  (7)  on  the  compensatory  increase  of  blood 
flow  through  the  head  and  limbs  during  stimulation  of.the  splanchnic  are  not  out 
of  harmony  with  the  supposition  that  stimulation  of  the  central  end  of  the  sciatic 
may  cause  an  increase  of  concentration  of  epinephrin  in  the  blood  of  the  inferior 
cava  in  the  manner  suggested  without  any  change  having  occurred  in  the  rate  of 
liberation  of  epinephrin  from  the  adrenals.  For  we  do  not  know  that  a  similar 
compensation  occurs,  or  that  it  occurs  as  promptly  with  stimulation  of  the  central 
end  of  a  peripheral  nerve  trunk,  which  may  cause  vasoconstriction  in  the  head 
and  limbs  also,  as  when  the  peripheral  end  of  a  splanchnic  is  stimulated. 
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It  is  important  to  note  that  if  one  splanchnic  nerve  i*  intact  while  the  supra- 
renal  on  the  other  side  is  extirpated,  stimulation  of  the  splanchnic  nerve  on  the 
aide  of  the  extirpated  suprarenal  may  still  cause  constriction  of  the  denervated 
limb.  Only  after  the  other  splanchnic  nerve  U  out  does  this  constriction  disap- 
pear and  the  limb  react  passively  to  the  changes  of  blood  pressure. 

His  interpretation  of  this  result  is  that 

Ibis  is  due  to  the  fact  that  stimulation,  even  of  the  peripheral  end  (of  the  splanch- 
nic), excites  a  certain  number  of  afferent  nerves,  so  that  there  may  be  a  reflex  ex- 
citation of  the  suprarenal  of  the  other  side  through  the  intsct  splanchnic  nerve. 

There  is  no  evidence  that  stimulation  of  the  peripheral  end  of  the 
splanchnic  nerve  can  affect  reflexly  the  rate  of  epinephrin  secretion  from  . 
the  other  adrenal,  and  we  have  good  evidence  against  it.  The  true 
explanation,  we  believe,  is  that  the  liberation  of  epinephrin  is  proceeding 
steadily  at  a  substantial  rate  from  the  adrenal  with  intact  splanchnic 
and  blood  containing  a  concentration  of  epinephrin  corresponding  to 
this  discharge  is  passing  steadily  through  the  denervated  region  as 
through  the  rest  of  the  vascular  system.  Whatever  influence  it  is  ex- 
erting cannot  of  course  be  revealed  till  some  change  occurs  in  the  con- 
centration or  in  the  amount  passing  through  per  unit  of  time.  When 
the  splanchnic  on  the  side  of  the  extirpated  adrenal  is  stimulated,  there 
is  no  increase  in  the  rate  of  liberation  of  epinephrin  from  the  remaining 
adrenal  but  the  vasoconstriction  in  the  splanchnic  area  causes  a  rise 
of  arterial  pressure  which  is  straightway  reflected  in  an  increased  flow 
of  the  epinephrin-containing  blood  through  the  denervated  area.  This 
area  naturally  responds,  granting  that  such  vascular  regions  are  as  sen- 
sitive to  epinephrin  as  von  Anrep  assumes,  by  a  vasoconstriction  to  the 
larger  amount  of  epinephrin  offered  to  it. 

The  similar  reactions  elicited  by  asphyxia,  and  obtained  not  at  all  or 
in  smaller  degree  after  elimination  of  the  adrenals,  in  like  manner  afford 
no  evidence  in  favor  of  a  greatly  augmented  output  of  epinephrin,  cer- 
tainly no  evidence  which  can  l>o  set  up  against  such  direct  tests  as  we 
have  made  with  the  actual  adrenal  vein  blood  (10).  In  the  case  of 
asphyxia  an  additional  and  a  formidable  complication  is  introduced  in 
such  indirect  experiments  as  those  of  von  Anrep  by  the  fact  that  asphyxia 
may  Im-  expected  to  alter  the  reactivity  of  the  test  object  to  epinephrin. 
I'nlew  this  factor  is  controlled,  it  is  impossible  to  say  that  an  increased 
reaction  is  due  to  an  augmented  h  I  w  rat  ion  of  epinephrin  and  not  to  an 
increased  sensitiveness  of  the  test  object  to  such  amounts  as  were  al- 
ready present. 
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When  we  have  used  as  test  objects  organs  or  tissues  in  situ  we 
have  endeavored  to  render  the  observations  to  be  compared  really 
comparable  by  collecting  the  blood  to  be  tested  in  the  cava  pocket  and 
only  releasing  it  when  the  test  object  was  again  approximately  under 
the  original  conditions.  For  instance,  in  determining  whether  stimu- 
lation of  afferent  nerves  caused  any  change  in  the  rate  of  liberation  of 
epinephrin,  we  collected  blood  in  the  pocket  for  a  given  time,  then  re- 
leased it  and  noted  the  effect  on  the  eye  and  blood  pressure.  Then 
blood  was  collected  for  the  same  length  of  time  during  nerve  stimula- 
tion. In  many  of  •our  experiments  the  splanchnic  area  and  hind  limbs 
were  purposely  tied  off,  so  that  the  reflex  rise  of  blood  pressure  was  usu- 
ally negligible.  But  where  the  nerve  stimulation  produced  any  consid- 
erable rise  of  blood  pressure  the  stimulation  was  stopped  some  time 
before  the  opening  of  the  pocket  so  that  the  tissues  of  the  eye-ball  and 
the  blood  vessels  might,  as  far  as  practicable,  have  the  opportunity  of 
reverting  to  the  same  conditions  as  regards  rate  of  blood  flow,  etc.,  as 
were  present  in  the  comparison  observation.  Only  after  this  interval 
was  the  epinepluin-containing  blood  in  the  pocket  released.  In  Our 
observations  on  asphyxia  a  longer  interval  was  allowed  to  permit  the 
blood  pressure  to  return  to  normal,  the  respiratory  movements  to 
diminish  and  the  aspbyxial  products,  to  some  extent  at  least,  to  disap- 
pear. We  never  supposed  that  it  was  permissible  to  use  in  one  observa- 
tion an  asphyxiated  test  object  and  in  the  comparison  observation  the 
same  object  with  unobstructed  respiration;  or  to  assume  that  if  there 
was  any  difference  in  the  reactions  it  must  be  due  to  a  difference  in  the 
rate  of  output  of  epinephrin,  the  condition  of  the  test  object  itself 
being  of  no  moment. 

Certain  reactions  (especially  acceleration)  of  the  heart,  when  isolated 
from  extrinsic  nervous  influence  by  section  of  the  vagi  and  excision 
of  the  stellate  ganglia,  have  also  been  supposed  to  prove  that  the  rate 
of  output  of  epinephrin  from  the  adrenals  is  greatly  increased  reflexly 
by  stimulation  of  afferent  nerves.  It  is  not  difficult,  however,  to  see 
that  the  results  of  the  study  of  these  reactions  by  von  Anrep  and  others 
must  be  interpreted  precisely  in  the  same  way  as  the  results  on  trie 
denervated  vascular  areas,  and  yield  no  better  evidence  of  reflexly 
augmented  epinephrin  secretion  than  the  vascular  reactions  do. 

Thus  von  Anrep  (S),  starting  with  the  demonstration  that  stimulation 
of  the  peripheral  end  of  the  cut  splanchnics  is  followed  by  the  charac- 
teristic heart  reactions  if  the  adrenals  are  present,  but  not  if  they  have 
been  removed,  is  led  to  the  generalization  that 
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every  rue  of  blood  pressure  brought  sbout  by  the  »Rency  of  the  oervouj  system 
involves  the  cooperation  of  the  chemical  mechanism  represented  by  the  suprare- 
nal glands. 

And  it  is  clear  that  whether  the  rise  of  pressure  be  brought  about  by 
direct  stimulation  of  the  efferent  splanchnic  fibers,  by  asphyxia  or  by 
stimulaton  of  afferent  nerves,  he  had  no  other  conception  of  this  coop- 
eration than  that  the  nervous  action  on  the  cardiovascular  system  is 
accompanied  by  a  nervous  action  on  the  adrenals  which  causes  an  in- 
creased outpouring  of  epinephrin. 

Nobody  doubts  that  when  the  peripheral  end  of  the  cut  splanchnic  is 
stimulated  the  liberation  of  epinephrin  from  the  corresponding  adrenal, 
which  has  been  reduced  by  the  nerve  section  from  the  normal  spontane- 
ous rate  to  sero,  or  at  least  greatly  diminished,  is  augmented.  Von 
Anrep  is  therefore  entitled  to  conclude  that  in  this  case  a  part  of  the 
characteristic  vascular  and  cardiac  reactions  is  due  to  the  abrupt  in- 
crease in  the  epinephrin  content  of  the  blood.  But  it  is  one  thing  to 
use  the  well  established  fact  that  stimulation  of  the  peripheral  end  of  the 
splanchnic  increases  the  output  of  epinephrin  to  explain  a  reaction  of 
the  denervated  heart  which  can  be  shown  to  depend  upon  the  secretion 
of  epinephrin  by  the  adrenals,  and  quite  another  thing  to  deduce  from 
the  occurrence  of  these  reactions  when  afferent  nerves  are  stimulated  the 
conclusion  that  they  must  be  due  to  an  augmented  output  of  epineph- 
rin, merely  because  they  cannot  be  obtained  in  the  absence  of  the 
adrenals.*  This  conclusion  could  only  be  accepted  if  it  were  shown 
that  the  increase  in  the  rate  of  blood  flow  through  the  coronary  circula- 
tion associated  with  the  rise  of  blood  pressure  is  inadequate  to  produce 
the  reactions.  The  increased  blood  flow  must  necessarily  be  accompa- 
nied by  an  increased  supply  of  epinephrin  to  the  heart  vessels  per  unit  of 
time,  even  if  no  increase  has  occurred  in  the  rate  of  liberation  of  epi- 
nephrin from  the  adrenals,  and  the  denervated  heart,  an  exceedingly 
delicate  test  object  for  epinephrin,  according  to  von  Anrep,  may  l>e  ex- 
pected to  respond  just  as  if  the  epinephrin  output  had  been  increased 
without  any  material  change  in  the  rate  of  flow.    The  possibility  is  also 

'  In  our  experience,  in  the  cat  (von  Anrep  worked  with  dog*)  a  not  inconsid- 
erable acceleration  of  the  denervated  heart  ran  usually  be  obtained  by  stimulating 
the  central  end  of  the  sciatic  or  the  peripheral  end  of*  he  splanchnic,  even  when 
the  adrenal  veins  are  clipped.  There  is  nothing  strange  about  this.  It  is  ob- 
viously dependent  upon  the  belter  blood  flow  through  the  coronary  vessels. 
Guthrie  and  Pike  (9)  showed  that  in  the  perfused  mammalian  heart  the  rate  could 
be  increased  decidedly  by  increasing  the  pressure  of  the  perfusion  fluid. 
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present,  of  course,  in  the  case  of  the  heart  as  in  the  case  of  the  vas- 
cular reactions,  that  the  concentration  of  epinephrin  may  be  increased 
by  stimulation  of  the  central  end  of  a  peripheral  nerve  without  any 
increase  in  the  rate  of  the  discharge  per  unit  of  time. 

The  question  of  the  physiological  value  attributed  by  von  Anrep  to 
the  reactions  of  epinephrin  which  he  has  so  carefully  studied,  especially 
the  question  of  the  physiological  value  of  the  heart  reactions  is  un- 
affected by  substituting  for  the  supposed  reflex  augmentation  of  (he 
output  of  epinephrin  an  automatic  redistribution  of  the  blood  which, 
without  any  material  change  in  the  rate  of  output,  carries  with  it  an 
increased  supply  of  epinephrin  to  organs  not  involved  in  the  vasocon- 
striction associated  with  the  rise  of  blood  pressure.  We  suggest  that  in 
such  redistributions  of  blood  containing  the  epinephrin  secreted  by  the 
adrenals  at  a  relatively  stable  and  constant  rate,  rather  than  in  a  sudden 
outpouring  of  epinephrin,  is  to  be  sought  the  mechanism  of  any  physi- 
ological effects  of  this  type  exerted  by  the  naturally  secreted  epi- 
nephrin on  the  organism. 

To  return  to  the  question  of  the  relation  of  the  adrenals  to  piqure 
hyperglycemia,  Kahn  and  Starkenatein  (11)  availed  themselves  in  some 
experiments  of  the  now  well  established  fact  that  a  certain  proportion 
of  rabbits  deprived  of  both  adrenals  survive  for  a  long  time  or  indefi- 
nitely, in  good  health,  In  our  experience  the  proportion  is  something 
like  20  per  cent.  If  the  animals  which  survive  some  weeks  be  included, 
it  is  greater.  The  statement  of  Freund  and  Marchand  (12)  that  after 
complete  extirpation  of  both  adrenals  rabbits  die  without  exception  in  a 
short  time,  and  usually  on  the  first  day,  must  be  based  on  some  error  of 
operative  technique.  Unfortunately  Kahn  and  Starkenstein  contented 
themselves  with  tests,  mostly  qualitative,  for  sugar  in  the  urine.  They 
made  no  quantitative  estimations  of  the  blood  sugar  which  in  an  inves- 
tigation of  this  sort  caunot  be  satisfactorily  replaced  by  the  qualitative 
tests  on  the  aqueous  humor  employed  by  Kahn.  Also  in  some  of  the 
very  few  relevant  protocols  published  by  them  it  is  seen  that  practically 
no  urine  was  secreted  after  the  piqure,  and  a  negative  sugar  test  in 
such  cases  would  of  course  possess  no  value.  It  cannot  therefore  be 
admitted  that  the  negative  results  of  piqure  obtained  by  these  writers 
on  rabbits  deprived  of  the  adrenals  have  by  any  means  settled  the  ques- 
tion of  the  indispensability  of  the  epinephrin  secretion  for  piqure 
hyperglycemia. 

The  experiments  of  Biberfeld  (13)  are  even  less  convincing  and  he 
admits  that  he  does  not  now  think  that  observations  on  sugar  in  the 
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urine,  the  only  observations  he  made,  are  satisfactory  in  the  absence  of 
blood  sugar  estimations. 

The  investigations  of  Jariach  (14)  are  free  from  this  objection  but 
are  nevertheless  open  to  criticism  for  other  reasons.  He  endeavored 
to  show  that  in  rabbits  after  complete  section  of  all  the  possible  nervous 
paths  from  the  central  nervous  system  to  the  liver,  piqure  was  still 
followed  by  hyperglycemia  when  nervous  connections  of  one  adrenal 
were  left  whereas  it  did  not  cause  hyperglycemia  when  the  innervation 
of  the  adrenals  was  completely  severed,  that  of  the  liver  being  intact. 
He  estimated  the  blood  sugar  by  Bertrand's  method,  precipitating  the 
proteins  by  Schenck's  method.  Unfortunately  he  contented  himself 
with  a  single  blood  sample,  taken  some  time  after  piqure.  Ho  com- 
pared the  sugar  content  of  this  sample  with  a  theoretical  normal  level 
and  not,  as  we  have  invariably  done,  with  that  of  a  preliminary  sample 
taken  from  the  same  animal.  This  renders  the  classification  of  some 
of  the  results  as  hyperglycemia  quite  arbitrary.  In  one  series  of  ten 
experiments,  for  example,  in  which  the  innervation  of  the  left  adrenal 
was  preserved  while  the  remaining  splanchnic  distribution  was  severed, 
he  counts  a  blood  sugar  content  of  0.164  per  cent  among  the  hypergly- 
cemias, very  likely  quite  correctly.  This  is  the  series  of  experiment* 
designed  to  show  that  augmented  epinephrin  secretion  can  cause  hy- 
perglycemia without  the  intervention  of  the  hepatic  nerves.  In  an- 
other series  of  five  experiments  in  which  the  right  adrenal  was  extir- 
pated and  all  the  nerves  of  the  left  adrenal  cut,  he  classifies  a  blood 
sugar  content  of  0.167  per  cent  not  as  a  hyperglycemia  but  as  at  "the 
upper  limits  of  the  normal  content."  This  series  was  designed  to  show 
that  in  the  absence  of  epinephrin  secretion  by  the  adrenals  piqure  does 
not  cause  hyperglycemia.  It  must  further  be  objected  that  in  very 
few  of  Jarisch's  experiments  was  the  interval  after  the  primary  opera- 
tion sufficiently  long  to  permit  a  great  accumulation  of  glycogen  in  the 
liver,  even  although  the  animals  received  cane  sugar  by  stomach  tube 
some  time  tiefore  the  piqure  was  made.  The  proof  of  this  is  the  very 
low  glycogen  content  of  the  liver  in  most  of  the  experiments,  even  mak- 
ing allowance  for  the  Ions  of  glycogen  in  successful  piqure  observations. 
For  example,  in  three  experiments  in  which  he  states  that  there  was  no 
hyperglycemia  and  in  which  therefore  the  glycogen  content  of  the  liver 
at  the  end  of  the  experiment  probably  did  not  differ  much  from  the 
content  just  liefore  the  piqQre,  the  glycogen  only  amounted  to  0.7,  1.1 
and  1.3  per  cent,  respectively.  In  five  of  the  experiments  with  hyper- 
glycemia in  which  the  liver  glycogen  was  estimated  at  the  end,  the  per- 
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centages  were  0,  0.2,  0.3,  0.8  and  2.1.  With  a  good  initial  content  of 
glycogen  in  our  experiments  the  residual  content  after  hyperglycemia 
produced  by  piqure  and  later  on  by  asphyxia  was  much  greater,  al- 
though the  animals  were  not  killed  for  a  considerably  longer  time  after 
the  piqure  than  appears  to  have  been  the  case  in  the  experiments  of 
Jarisch. 

The  series  of  five  experiments  which  are  supposed  to  prove  the  in- 
efficiency of  the  piqure  when  the  adrenals  have  been  denervated  although 
the  liver  nerves  are  intact  is,  we  believe,  completely  vitiated  on  account 
of  the  low  initial  glycogen  content.  The  percentages  at  the  end  of 
the  experiments  were  0,  0.5,  0.8,  0.9,  1.4.  If  there  was  no  hypergly- 
cemia, as  Jarisch  concludes,  these  percentages  are  probably  not  very  dif- 
ferent from  the  percentages  before  piqure.  It  is  vain  to  argue  on  the 
basis  of  one  or  two  control  experiments  that  with  1  per  cent  of  glycogen 
in  the  liver  piqure  will  normally  succeed.  In  our  experience  there  is 
considerable  variability  in  this  matter  in  normal  rabbits  and  there  does 
not  seem  to  be  any  reason  why  the  production  of  a  distinct  piqure  hy- 
perglycemia should  depend  solely  upon  the  percentage  of  glycogen  in 
the  liver.  At  least  one  other  factor,  the  rate  of  consumption  of  sugar 
in  the  animal,  is  obviously  concerned.  Even  as  regards  the  rate  of 
mobilization  of  the  glycogen  it  is  improbable  that  the  percentage  of  this 
substance  in  the  liver  should  be  the  sole  determining  factor,  and  it 
cannot  be  assumed  that  every  animal  will  respond  in  the  same  way  to  a 
given  procedure  when  the  glycogen  store  reaches  a  given  level.  The 
only  way  to  be  sure  that  a  negative  result  is  not  due  to  too  small  a  gly- 
cogen store  is  to  work  with  animals  whose  livers  are  well  filled  with 
glycogen,  and  then  always  to  make  a  glycogen  estimation.  It  is  im- 
possible to  decide  beforehand  that  this  or  that  animal  will  have  enough 
glycogen  to  render  a  positive  result  certain  after  piqure,  particlarly 
when  the  animal  has  been  recently  subjected  to  a  major  operation.  It 
may  also  be  pointed  out  that  positive  results  are  much  more  important 
than  negative  ones  in  a  question  of  this  kind,  and  that  only  a  decided  hy- 
perglycemia should  be  accepted  as  a  positive  result.  Negative  results 
in  animals  whose  glycogen  content  is  low  ought  not  to  be  used  at  all. 

A  further  criticism  of  these  experiments  is  that  it  is  surely  difficult 
to  be  certain  that  the  whole  nerve  supply  of  the  liver  has  been  divided 
by  such  an  operation  as  that  practiced  by  Jarisch.  Finally,  he  made 
the  piqure  under  ether  anesthesia.  Even  if  the  anesthetic  was  admin- 
istered only  during  the  operation,  how  is  one  to  be  certain  that  a  sub- 
sequent hyperglycemia  was  not  due  to  the  anesthesia  rather  than  to 
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the  piqure?  We  have  already  shown  (15)  that  in  cats  a  brief  adminis- 
tration of  ether  is  capable  of  causing  distinct  hyperglycemia  after  the 
secretion  of  epinephrin  has  been  abolished. 

Among  recent  workers  who  have  denied  the  importance  of  the  adrenals 
in  puncture  hyperglycemia  or  glycosuria  may  l>e  mentioned  Wertheimer 
and  Battez,  Freund  and  Man-hand  and  Trendelenburg  and  Flcisch- 
hauer.  Wertheimer  and  Battez  (16)  found  glycosuria  in  three  cats 
following  piqure  after  removal  of  both  adrenals.  The  experiments, 
however,  were  necessarily  acute.  In  one  case  the  animal  was  anesthe- 
tized with  chloroform  and,  as  the  authors  point  out,  it  was  impossible 
to  discriminate  between  the  effect  of  the  anesthetic  and  the  effect  of 
the  piqure.  In  the  other  two  cats  spinal  anesthesia  (eocain)  was 
employed.  In  five  cats  no  definite  glycosuria  could  l>e  demonstrated. 
Blood  sugar  estimations  were  not  made. 

Freund  and  Marchand  (17)  conclude  that  the  influence  of  piqure  is 
exerted  directly  on  the  liver  and  not  through  the  adrenals.  However, 
although  they  made  numerous  experiments  on  rabbits,  none  of  them 
are  entirely  satisfactory.  All  were  acute  experiments,  the  piqure  being 
performed  two  or  three  hours  after  the  removal  of  the  adrenals,  and  it  is 
difficult  if  not  impossible  in  many  eases  to  disentangle  any  effect  of 
piqure  on  the  blood  sugar  from  the  effects  of  the  operation  and  the 
anesthetic.     The  blood  sugar  was  estimated  by  Bang's  micro-method. 

Trendelenburg  and  Fleischhauer  (18)  reached  the  conclusion  that 
puncture  glycosuria  is  not  due  to  a  "hormone"  action  of  adrenalin 
discharged!  from  the  adrenals,  since  the  rate  of  the  discharge  is  not 
increased  by  the  puncture.  This  result,  however,  is  not  arrived  at 
by  direct  assay  of  the  epinephrin  coming  from  the  adrenals,  but  is 
deduced  from  the  fact  that  sugar  puncture  does  not  cause,  in  an 
anesthetized  animal,  a  rise  of  hlood  pressure,  whereas  the  minimal 
quantity  of  adrenalin  which  must  Im>  injected  into  a  vein  in  order  to 
elicit  adrenalin  glycosuria  causes  a  distinct  increase  of  blood  pressure. 
Jarisch  (14)  has  criticised,  justly  in  our  opinion,  the  deductions  of 
Trendelenburg  and  Fleischhauer.  For  one  thing,  they  relied  entirely 
upon  testing  for  sugar  in  the  urine  and  did  not  estimate  the  blood 
sugar,  the  really  important  point.  Their  main  argument  is  based 
upon  premises  by  no  means  beyond  question,  and  we  lielieve  that 
although  their  conclusion — that  it  is  not  an  augmented  epinephrin 
secret  ion  which  is  responsible  for  puncture  glycosuria'  is  correct,  this 
cannot  Ik'  established  by  such  experiments. 
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Our  own  experiments  were  made  on  rabbits.  The  adrenals  were 
removed  at  separate  times.  The  interval  between  the  first  and  second 
operation  varied  from  eleven  days  to  eight  months.  The  piqure  was 
made  ten  days  to  eighty-one  days  after  removal  of  the  second  adrenal. 
The  floor  of  the  fourth  ventricle  was  exposed  according  to  Eckhard's 
method,  under  local  anesthesia  by  ethyl  chlorid.  A  sample  of  blood 
was  taken,  usually  from  an  ear-vein,  before  piqure;  a  second  sample 
about  one  to  one  and  one-half  hours  after  piqure.  About  an  hour 
later  a  third  sample  was  drawn  in  order  that  some  idea  of  the  duration 
of  the  hyperglycemia  and  the  maximum  blood  sugar  content  attained 
might  be  gotten.  Finally  asphyxia  was  produced  by  covering  the 
mouth  and  nose"  at  intervals  for  a  period  of  fifteen  to  twenty  minutes. 
The  effect  of  the  asphyxia  on  the  heart-beat  was  sedulously  controlled 
and  a  few  free  respirations  allowed  as  soon  as  the  heart  was  distinctly 
slowed,  so  that  the  asphyxia  was  never  pushed  to  the  point  where  life 
was  in  danger.  A  blood  specimen  was  then  drawn.  The  object  of  the 
asphyxia  was  to  test  whether,  in  the  event  of  the  piqure  yielding  a 
negative  result,  a  decided  hyperglycemia  was  capable  of  being  produced 
in  any  particular  animal.  We  have  already,  shown  (15)  that  in  cats 
with  one  adrenal  removed  and  the  secretion  of  epinephrin  from  the 
other  abolished  by  section  of  its  nerves,  asphyxia  invariably  causes 
hyperglycemia  when  the  glycogen  content  of  the  liver  is  not  deficient. 
The  animal  was  then  killed  and  the  glycogen  content  of  the  liver 
estimated  by  Pfluger's  method,  the  sugar  after  hydrolysis  of  the  glyco- 
gen being  determined  by  Bertrand's  method.  The  blood  sugar  was 
estimated  by  the  method  of  Lewis  and  Benedict.  Pearce's  autoclave 
modification  and  the  graduated  test-tubes  used  by  us  in  our  previous 
work  (l)  were  employed.  It  was  recognized,  of  course,  that  when 
hyperglycemia  had  been  produced  by  any  of  the  procedures  employed, 
the  glycogen  content  as  determined  at  the  end  of  the  experiment 
must  be  materially  less  than  would  have  been  found  had  the  animal 
been  killed  at  once.  Accordingly  before  undertaking  the  piqure  experi- 
ments, we  made  a  series  of  observations  on  the  glycogen  content  of 
the  liver  under  various  diets,  in  cats  whose  epinephrin  output  had  been 
interfered  with  by  the  operation  mentioned  and  in  rabbits  and  rats 
which  had  survived  the  removal  of  both  adrenals.  These  experiments 
will  be  given  in  the  second  part  of  the  paper. 

The  following  condensed  protocols  illustrate  the  effects  of  piqure 
and  asphyxia  on  the  blood  sugar  content  in  rabbits  deprived  of  the 
adrenals. 
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Protocol.     Rabbit  lit,  malt. 

February  15,  1917.    Left  adrenal  excised. 
June  8,  1917.    Weight,  2.025  kgm. 

September  13,  1917.  Right  adrenal  excised.  From  this  time  fed  daily  with 
carrots  in  addition  to  the  ordinary  diet  (oats  and  hay  daily,  a  carrot  or  a  small 
quantity  of  green  food  once  a  week). 

November  2,  1917.    Weight .  3.275  kgro. 
11.30  a.m.    Obtained  from  ear  normal  blood  specimen.    It  contained  0.102  per 

cent  dextrose. 
11.45  a.m.     Piqure. 

12  30  p.m.    Blood  specimen  from  ear  contained  0.205  per  cent  dextrose. 
1.50  p.m.     Blood  specimen  from  ear  contained  0. 134  per  cent  dextrose.    Asphyxia 

for  25  minutes,  then  at 
2.20  p.m.    Obtained  blood  from  external  saphenous  vein,  containing  0.216  per 

cent  dextrose. 
2.20  p. m     Killed  by  heart -stab,  removed  liver.    Glycogen  in  liver,  7.40  per  cent. 
A  utufity.     Accessory  adrenals  not  found.     First  piqDre  a  little  above  calamus 
and  slightly  to  left  of  mid  line,  second  piqure  about  10 mm. below  the  opening  of 
the  iter  in  mid  line. 

Protocol.      Rabbit  181,  malt 

November  19,  1917.    Right  adrenal  excised. 

November  30,  1917.  Left  adrenal  excised.  Weight  2.IJ6  kgm.  Some  cane 
sugar  was  added  to  the  drinking  water  from  this  date  on.  Otherwise,  the 
ordinary  diet. 

February  19.  19IK.     Weight.  2  4ft  kgm. 
12.30  p  m.    Normal  blood  specimen  from  ear  contained  0.119  per  cent  dextrose. 
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Diet,  cane  sugar  in  drinking  water  and  carrots  given  daily  for  Tour  weeks  prior 
to  experiment,  in  addition  to  the  ordinary  diet. 

March  12,  1918.    Weight,  2.12  kgm. 
10.40  a.m.    Normal  specimen  from  the  ear  contained  0.102  per  cent  dextrose. 
11.00  a.m.    Piqure. 
12.10  p.m.     Blood  from  external  jugular  vein  contained  0.161  per  cent  dextrose. 

Voided  urine.    Teat  with  Fehling  negative. 
12.55  p.m.    Blood  from  external  jugular  vein  contained  0.176  per  cent  dextrose. 

Now  caused  asphyxia  for  twenty  minutes. 
1.15  p.m.     Blood  from  jugular  vein  contained  0.262  per  cent  dextrose.     Liver  at 
once  excised.    It  contained  2.35  per  cent  glycogen. 
Autopsy.    Piqtire  4  mm.  above  calamus  in  mid  line.     No  accessory  adrenals 
found  in  abdomen. 

In  these  animals  a  decided  hyperglycemia  was  caused  by  piqure. 
The  same  is  true  of  asphyxia  following  the  piqure.  In  the  first  experi- 
ment the  piqure  hyperglycemia  had  distinctly  diminished  before 
asphyxia  was  induced,  and  after  asphyxia  the  blood  sugar  content  rose 
to  fully  the  maximum  level  obtained  in  the  first  specimen  after  piqure. 
In  the  second  experiment,  the  second  blood  specimen  taken  after 
piqure  contained  0.1  per  cent  more  dextrose  than  the  first  piqure 
specimen.  In  spite  of  the  high  grade  of  the  piqure  hyperglycemia, 
the  blood  sugar  content  increased  still  further  during  asphyxia.  In 
the  third  experiment  where  the  hyperglycemia  after  piqure,  although 
quite  distinct,  was  not  so  great  as  in  the  second,  the  specimen  drawn 
after  asphyxia  also  showed  a  decided  increase  in  the  blood  sugar  as 
compared  with  the  second  specimen  after  piqure.  There  can  be  no 
question,  then,  that  piqure,  like  asphyxia,  is  capable  of  causing  hyper- 
glycemia in  rabbits  after  removal  of  the  adrenals.  Obviously,  as 
already  pointed  out,  in  a  question  of  this  kind  positive  results  are  much 
more  important  than  negative  ones.  In  the  three  animals  the  liver  was 
well  filled  with  glycogen,  a  considerable  period  having  elapsed  since  the 
last  operation. 

Negative  results  in  animals  taken  at  too  short  an  interval  after  the 
adrenal  operation  and  containing  little  glycogen  in  the  liver,  have  of 
course  no  weight  at  all.  Not  a  few  of  the  observers  who  have  denied 
the  possibility  of  producing  hyperglycemia  by  piqure  after  adrenalec- 
tomy have  been  misled  by  want  of  attention  to  this  point.  The  follow- 
ing protocols  are  samples  of  our  negative  experiments  on  adrenalec- 
tomized  rabbits: 


^Google 


Q.   N.  STEWART  AND  J.  It.  ROOOFP 


Protocol.     Rabbit  lft,  mate 


March  20,  1917.     Left  adrenal  excised. 
June  8, 1917.    Weight,  1,776  kgm. 

September  15,  1917.  Right  adrenal  excised.  Prom  this  time  on  the  animal 
was  fed  regularly  with  carrots  in  addition  to  the  ordinary  diet. 

November  13,  1917.    Weight,  2.45  kgm. 
11.00  a.m.    Normal  blood  specimen  from  ear  contained  0.101  per  cent  dextrose. 
11.35  a.m.     Piqure.     Two  stabs. 

12.15  p.m.    Blood  from  cut  external  saphenous  vein  contained  0.107  per  eent 
dextrose. 
1.10  p.m.    Blood  from  femoral  vein  contained  0.097  per  cent  dextrose.    Now 

caused  asphyxia  for  twenty  minutes  and  at 
1.40  p.m.    Obtained  blood  specimen  from  external  jugular  vein,  containing 
0.121  per  cent  dextrose. 
Immediately  lulled  and  excised  liver,  which  contained  1.02  per  cent  of  glycogen. 
Autopsy. — Accessory  adrenals  not  found.    The  first  piqflre  was  3  to  4  mm. 
above  the  calamus  in  the  mid  line,  the  second  8  to  7  mm.  above  the  first  in  the 
mid  line. 

Protocol.     Rabbit,  IBS,  male.     Weight,  t.tSS  kgm. 

December  7,  1917.     Right  adrenal  excised.     Weight.  2.24  kgm. 
Feb.  11,  IBIS      Left  adrenal  excised.     Weight,  2.20  kgm.     Kept  on  ordinary 
diet  from  this  date,  except  that  Home  cane  sugar  was  given  in  the  drinking  water 
one  day  before  ihe  piqure  experiment.     The  weather  was  very  cold  al  this  time. 

February  21,  1918.     Weight,  2.235  kgm. 
11.00  a.m.     Normal  blood  specimen  from  ear  contained  0.114  per  cent  dextrose. 
11.10  a.m.     Piqure. 

12.10  p.m.     Ill  nod  specimen  from  ear  contained  0.131  per  eent  dc  it  rime. 
1.20  pm.     Blood  from  ear  contained  0  121  per  eent  dextrose.     Asphyxia  was 

now  canned  for  twenty-five  minute*,   then  at 
1.50  p.m.     Obtained  blood  specimen  from  external  jugular,  containing  0.12ft  per 

rent  dextrose. 
The  neck  vc-i-cls  were  now  severed  and  a  blood  specimen  obtained  which  con- 
tained 0.12U  per  rent  dnxtrone.     The  liver  was  at  once  excised;  its  glycogen  eon- 
tent  was  2.32  per  rent. 

Aul-ii't/.  A  small  accessory  adrenal  wan  found  under  the  left  renal  vein. 
The  piqure  was  r>  to  7  nun.  above  the  rulimiis  in  the  mid  line. 

It  would  not  In-  profitable  to  spemln.tr  on  (he  reason  for  the  nliscnrc 
of  piqure  hyjMTjjIycnnifi  in  these  animals.  Since  precisely  similar 
negative  result*  may  in-  ohlaitieil  in  normal  animals,  «■<■  <Io  not  see 
how  tli.y  can  he  connected  with  tin*  pre-etice  or  a  I  Hence  of  tin-  adrenal*.. 
While  everybody  is  nureetl  thai  a  hitch  glycogen  r-onlcnt  is  favorable 
for  the  tieenrrenec  of  piqiire  hyperglycemia,  ami  that  a  wry  low  Klyro- 
gen  content  is  incompatible  with  it,  there  is  no  evidence  us  already 
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stated,  that  hyperglycemia  must  necessarily  be  obtained  in  an  animal 
with  more  than  a  certain  percentage  of  glycogen  in  its  liver,  whereas  in 
animals  with  less  than  that  percentage  it  can  never  be  obtained.  - 

The  following  protocols  illustrate  the  results  on  normal  rabbits 
with  the  same  technique  as  that  employed  for  the  adrenalectomized 
animate :  < 

Protocol.    Rabbit  186 

Male,  which  had  been  long  in  stock.    Weight,  1.80  kgm.    Ordinary  diet. 
February  27,  1918. 
11.00  a.m.    Normal  blood  specimen  from  ear  contained  0.107  per  cent  dextrose. 
11.15  a.m.    Piqure. 

12.15  p.m.    Blood  from  ear  contained  0.374  per  cent  dextrose. 
1.20  p.m.    Blood  from  ear  contained  0.46  per  cent  dextrose.    Asphyxia  was  now 

caused  for  twenty-five  minutes  and  at 
1.45  p.m.    A  blood  specimen  was  obtained  with  0.514  per  cent  dextrose. 
Ten  minutes  later  the  blood  vessels  in  the  neck  were  severed  and  another  blood 
specimen  obtained  with  0.52  per  cent  dextrose. .  The  liver  was  immediately  ex- 
cised.   Itsglycogencontentwas2.96percent.  TbeliverweighedOlgrams.    Tak- 
ing the  total  blood  as  140  grams,  the  amount  of  glycogen  which  must  have  been 
mobilised  merely  to  raise  the  blood  sugar  to  0.52  per  cent  would  represent  almost 
1  per  cent  of  the  liver  weight.   The  glycogen  content  before  piqure  must  therefore 
have  been  at  least  4  per  cent  and  no  doubt  was  considerably  more. 
Autopsy.    The  piqure  was  5  mm.  above  the  calamus  in  the  mid  line. 

Protocol.    Rabbit  lBt 

Normal  female  from  the  stock.     (Control  for  rabbit  181,  and  on  the  same  diet). 
February  19, 1918.    Weight,  2.63  kgm. 
12.10  p.m.    Normal  blood  specmen  from  ear  contained  0.11  per  cent  dextrose. 
12.30  p.m.    Piqure. 
1.40  p.m.    Blood  from  ear  contained  0.367  percent  dextrose. 
3.00  p.m.    Blood  from  ear  contained  0.308  per  cent  dextrose.    Asphyxia  was 

now  caused  for  twenty  minutes  and  at  . 
3.20  p.m.  A  blood  specimen  obtained  from  the  ear  contained  0.367  per  cent 
dextrose. 
The  animal  was  now  bled  from  the  throat  and  a  specimen  obtained  at  3.30  p.m. 
with  0.417  per  cent  dextrose.  The  glycogen  content  of  the  liver  was  2.04  percent. 
If  only  the  amount  of  glycogen  which  must  hove  been  mobilized  to  make  up  a 
blood  sugar  content  of  0.42  per  cent  be  added,  the  liver  must  have  contained  be- 
fore the  piqure  experiment  at  least  3  per  cent  of  glycogen  and  doubtless  it  con- 
tained more. 

Autopsy.    The  piqure  was  4  to  5  mm.  above  the  calamus  in  the  mid  line. 

The  following  two  protocols  illustrate  the  negative  results  of  piqure 
obtained  on  normal  rabbits  just  as  on  adrenalectomized  rabbits. 
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Protocol.     Rabbit  187,  male 

March  11, 1917.  Weight,  1.41  kgm.  No  food  given  (except  water)  for  two  days 
prior  to  experiment . 

10.00  a.m.    Normal  specimen  of  blood  from  ear  contained 0.124  percent  dextrose. 
10.15  a.m.    Piqure 

11.15  a.m.    Blood  from  external  jugular  vein  contained 0.136  percent  dextrose. 
12.15  p.m.    Blood  from  external  jugular  vein  contained  0.130  per  cent  dextrose. 

Now  caused  asphyxia  for  twenty  minutes. 
12.35  p.m.    Blood  from  external  jugular  vein  contained  0.142  per  cent  dextrose. 

Severed  blood  vessels  in  neck  and  bled  to  death.  A  specimen  of  this  mixed 
blood  contained  0.151  percent  dextrose.  The  liver  waa  at  once  excised ;  it  con- 
tained 0.34  per  cent  glycogen. 

A  iitopsy.    The  piqure  wag  6  mm.  above  the  calamus  in  'he  mid  line. 

Protocol.     Rabbit  167 

Normal  female  from  stock.  It  had  carrots  regularly  in  addition  to  the  ordi- 
nary diet  for  two  weeks  before  the  piqflre  experiment. 

November  13,  1917.    Weight,  2.0  kgm. 
11.15  a.m.    Normal  blood  specimen  from  ear  contained  0.122  per  cent  dextrose. 
11.50  a.m.    Exposed  and  opened  the  occipito-atlantoid  membrane  under  local 
ethyl  chlorid  anesthesia,  as  in  all  the  other  experiments;  but  did 
not  perform  piqflre  ae  yet. 
12.40  p.m.    Blood  specimen  fom  ear  contained  0.116  per  cent  dextroee. 
12.55  p.m.    Piqure  made  (two  stabs). 
2. 10  p.m.    Blood  from  femoral  vein  contained  0. 10  per  cent  dextrose.    Asphyxia 

was  now  induce  J  for  twenty  minutes  and  at 
2.30  p.m.    A  blood  specimen  was  obtained  from  the  external  jugular  vein  witb 
0.101  per  cent  dextrose. 
The  animal  was  at  once  killed  by  heart  stab.     The  liver  contained  only  a 
trace  (less  than  0.05  per  ceit )  of  glycogen. 

Avtoptg.  First  piqure,  3  to  5  mm.  above  the  calamus  in  the  m  d  line,  second 
piqure,  7  to  8  mm.  above  the  first  and  a  little  to  the  left  of  the  mid  line. 

The  object  of  the  experiment  just  cited  waa  to  control  the  effect  of 
the  operation  an  such, apart  from  the  piqure,  on  the  blood  sugar.  The 
experiment  failed  for  this  purpose  because  of  the  low  glycogen  content 
of  the  liver  (in  spite  of  the  carrot  diet )  which  did  not  permit  either  the 
subsequent  pujurc  or  asphyxia  to  cause  any  hyperglycemia.  The  fol- 
lowing protocol  gives  the  data  of  an  experiment  of  the  same  kind,  but 
on  a  rabbit  whose  liver  was  well  filled  with  glycogen.  It  will  be  seen 
that  the  operation  as  such,  with  any  attendant  emotional  excitement, 
caused  no  hyperglycemia. 
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Protocol.     Rabbit  189,  malt 

Diet.    Sugar  in  drinking  water  and  carrots  for  five  days  prior  to  the  experi- 
ment, in  addition  to  the  ordinary  diet.    The  animal  took  the  sugared  water 
readily.    Weight  2.0  kgm. 
9.55  a.m.    Normal  blood  specimen  from  ear  vein  contained  0.126  per  cent  dex- 

10.15  a.m.    Under  local  anesthesia  (ethyl  chlorid)  exposed  floor  of  fourth  ven- 
tricle but  did  not  perform  piqure  as  yet.     Sutured  the  wound. 

11.20  a.m.     Blood  specimen  from  ear  vein  contained  0.124  per  cent  dextrose. 

11.30  a.m.    Piqure  performed. 

12.30  p.m.  Blood  specimen  from  ear  vein  contained  0.249  per  cent  dextrose. 
Asphyxia  was  now  caused  for  twenty  minutes  and  at 
1.00  p.m.  A  blood  specimen  was  obtained  from  the  external  jugular  vein.  It 
contained  0.  343  percent  dextrose.  Urine  voided  at  thistime  gave 
a  marked  reduction  with  Fehling's  solution.  The  animal  was 
killed  by  bleeding  from  the  neck  vessels.  The  liver,  excised  im- 
mediately, weighed  82  grams  and  contained  7.14  per  cent  of  glyco- 
gen. 
Autopty.    The  piqure  was  4  mm.  above  the  calamus  in  the  mid  line. 

The  results  of  a  number  of  preliminary  experiments  on  normal 
rabbits  in  which  glycogen  determinations  were  not  made,  are  given  in 
table  1,  in  order  to  emphasize  the  point  that  a  negative  piqure  experi- 
ment in  an  adrenalectomized  animal  must  not  be  attributed  off  hand 
to  the  absence  of  the  adrenals.  The  six  rabbits  had  lived  a  long  time 
in  the  laboratory  under  identical  conditions  and  on  the  same  (ordinary) 
diet.  Carrots  were  added  one  day  before  the  experiment.  It  will  be 
seen  that  three  of  the  animals  yielded  distinctly  positive  results  with 
piqure.    In  two  the  result  was  negative,  in  one  doubtful. 

TABLE  i 
Percentage  of  blood-mgar 


now 

FIQ0U 

Mtrau 

0.135 

0.162 

0.163 

0.125 

0.390 

0.130 

0.134 

0.110 

0.263 

0.101 

0.178 

0.102 

0.115 

0.122 
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TABLE  I 

Adrenaletlomiud  rabbi U 


Harare- 

Pint 

Kwond 

"«." 

1917 

1917 

1917 

October      23 

145 

January 

IS 

September  17 

6  42 

Carrots  daily  since 
last  operation  in 
addition  to  usual 
diet* 

November   2 

155 

February 

15 

September  13 

7.40 

Same  as  for  145 

November  t3 

156 

March 
1916 

20 

September  15 

1.00 

Same  as  for  145 

November   5 

158 

December 

7 

September  22 

0.68 

Attempted  piqure. 
Died ;  liver  taken 
after      one -half 

1918 

181 7 

hour 

February    19 

181 

Novembe 

19 

November  30 

WIS 

2  44 

Cane  sugar  daily 
since  last  opera- 
tion, in  addition 
to  ordinary  diet 

February   21 

183 

December 

17 

February    1 1 

2  32 

Cane  sugar  one  day 
before  experi- 
ment (ordinary 
diet).  Very  cold 
weather 

February    25 

184 

December 

7 

February    IS 

Trace 

Ordinary  diet. 
Rabbit  has 
mange,  not  eating 
well,  losing 
weight 

March          12 

ISM 

November 

19 

February    13 

2  35 

Cane  sugar  and  car- 
addition  to  ordi- 
nary diet 

*  Rabbit  145  was 
pti|ilre  experiment  ws 
rabbits  consisted  ol  ■ 


larrihred  for  glycogen  c 
done  before  the  liver  wiu 
itn  and  hay  daily,  with  n 


ii t tun.  In  all  ihe  others 
iced.  The  ordinary  diet  I 
rot  or  a  small  irierc  ol  gre 
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PART  II.   RELATION   OP  THE  ADRENALS   TO   THE  GLYCOGEN   CONTENT  OP 

THE  LIVER 

Several  of  the  writers  on  the  problem  of  the  possibility  of  producing 
experimental  glycosurias  and  hyperglycemias  after  removal  of  the 
adrenals  have  raised  the  question  whether  the  negative  result  might 
not  be  due  to  inability  of  the  liver  to  form  or  to  store  glycogen  in  the 
adrenal ectomi zed  animal.  Since  as  shown  above  the  result  is  not 
negative,  this  question  does  not  arise.  Nevertheless,  before  making 
our  observations  on  piqure  and  in  the  course  of  them,  we  made  a  con- 

TABLE  3  ' 

Normal  control  rabbits 


OLTTOOM. 

"*" 

"r»" 

,,1?™ 

"""" 

1917 

October      23 

144 

2.80 

Ordinary  diet 

October      29 

150 

4.73 

Ordinary  diet  with  addition  of  carrots  for  6  days 
prior  to  experiment 

November  22 

160 

2.58 

Ordinary  diet  with  addition  of  carrots  for 
one  week  prior  to  experiment 

November  13 

157 

Trace* 

Ordinary  diet  with  addition  of  carrots  for  one 
week  prior  to  experiment.    {Piqure,  etc.) 

1918 

February    19 

182 

2.04 

Cane  sugar  daily  in  addition  to  ordinary  diet 
since  November  30,  1917  (Piqure,  etc.) 

February   27 

185 

1.74 

Ordinary  diet.    Piqure  attempted.    Died 

February   27 

186 

2.96 

Ordinary  diet.  (PiqOre,  etc.) 

March        11 

187 

0.34 

Starved  two  days.    Piqnre  (negative) 

*  Less  than  0.05  per  cent. 

siderable  number  of  experiments  on  cats,  rabbits  and  rats,  in  order  to 
obtain  information  upon  the  glycogen  content  of  the  liver  in  animals 
in  which  the  adrenals  had  been  removed  or,  in  the  case  of  the  cats,  the 
secretion  of  epinephrin  interfered  with.  The  rabbits  used  had  survived 
the  removal  of  the  second  adrenal  eleven  days  to  nine  months,  when 
killed  for  the  glycogen  determination.  Details  as  to  diet,  glycogen 
content,  etc.,  are  given  in  table  2,  which  includes  a  certain  number  of 
animals  in  which  the  glycogen  was  determined  after  hyperglycemia 
had  been  produced  by  piqure  and  by  asphyxia  (see  protocols  in  part 
I.).  The  glycogen,  estimated  at  the  end  of  these  experiments  must, 
of  course,  be  less  than  the  actual  content  before  the  piqure. 
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In  table  3  are  displayed  the  results  of  a  number  of  glycogen  deter- 
minations on  normal  control  rabbits.  It  will  be  seen  that  there  is  no 
material  difference  between  the  results  in  table  2  and  table  3. 

Since  cats  do  not  survive  the  removal  of  both  adrenals,  we  excised 
one  adrenal  and  divided  the  nerves  of  the  other  so  as  to  abolish  or 
reduce  greatly  the  output  of  epinephrin.  Protocols  of  two  such  experi- 
ments follow: 

Protocol.     Col  US,  malt 

Diet  Liver,  milk,  occasionally  fish  ami  a  daily  ration  of  rice  or  potatoes 
boiled  with  milk. 

August  IS,  1017.  Weight,  2.64  kgm.  Excised  right  adrenal.  It  weighed 
0.266  (train  and  contained  0,12  rngm.  epinephrin.  Extirpated  left  semilunar  gan- 
glion.   Excised  left  superior  cervical  ganglion. 

September  IB,  1917.  Weight,  1.92  kgm.  Left  pupil  contracted  and  nictitating 
forward. 

11.25  a.m.     I'rrthn.ie  3  grams  (stomach). 

2.50  to  3.15  p.m.  Inserted  tracheal  and  jugular  c&nnulae;  artificial  respiration; 
coeliac  and  mesenteric  arteries  tied  and  a  lobe  of  liver  at  once  ex- 
cised for  glycogen  estimation.     Completed  cava  pocket  in  usual 


3.15  p.m.  Both  pupils  equal  and  nictitating  membranes  Hlightly  forward. 

3.20  p.m.  Pocket  experiment  two  minutes.     No  eye  reactions. 

3.24  p.m.  Pocket  experiment  five  minutes.     No  eye  reactions. 

3.30  p.m.  Pocket  experiment  nine  minutes.     No  eye  reactions. 

3.44  p.m.  0.5  ce.  1:1, 300,000  adrenalin.    Very  good  pupil  dilatation  in  lt.2see- 

3.48  p.m.    0.5  cc.  1 :  2,0110.000  adrenalin  injected,    flood  pupil  reaction  in  11.4 

seconds.  No  nirtitnting  reaction. 
3.53p.m.     0,5  cc.  1:4,000,000  adrenalin  injected:  Small  pupil   reaction  in  13.8 

seconds.  No  nictitating  reaction. 
3.5ft  p.m.    0.5  cc.  1 :  5,200.000  adrenalin  injected.     Small  pupil  reaction  in  13.6 

Now  collected  the  following  blood  samplca  from  the  adrenal  (short  pocket): 
Sample  1.  1.4  grams  in  one  minute  (1.4  grams  per  minute). 
Sample  2,  4.4  grams  in  four  minutes  11.1  grams  per  minute). 
Sample  3.  3  S  grams  in  eight  minutes  10.475  gram  |ier  minute). 
Obtained  Mood  faun  abdominal  aorta.     I-eft  adrenal  weighed  0.337  gram,  and 
contained  0.17  mgm.  i-piiicplirin.     (ilyeogen  in  lobe  of  liver  removed  at  In-ginning 

The  epineplirin  assay  of  the  adrenal  vein  Mom!  gave  the  following 
results: 

The  texts  with  rnhbil  inti-stine  and  uterus  segments  showed  that 
even  the  third  adrenal  sp-vimrn  of  blood  could  not  have  contained 
more  than   1 :  »K),(KKMXXJ  epinephrin,  corresponding  to  an  output  of 
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0.0000018  mgm.  per  minute  for  the  animal  or  0.0000007  ragm.  per 
minute  per  kilogram  of  body  weight;  i.e.,  not  more  than  one-three 
hundred  and  fiftieth  of  the  normal  output  as  estimated  by  the  segments. 

The  second  adrenal  specimen  did  hot  give  a  much  greater  effect  than 
the  indifferent  arterial  blood  and  a  far  smaller  effect  than  indifferent 
blood  containing  1: 260,000,000  adrenalin. 

The  eye  reactions  were  negative  even  when  blood  was  collected  in  the 
cava  pocket  for  nine  minutes.  Yet  distinct  reactions  were  obtained 
when  0.5  cc.  of  a  1 : 5,300,000  solution  of  adrenalin  was  injected.  Ac- 
cordingly, as  tested  in  this  way,  the  output  could  not  have  amounted  to 
0.00001  mgm.  per  minute  for  the  animal  or  0.000004  mgm.  per  kilo- 
gram of  body  weight  per  minute;  i.e.,  not  one-one  hundred  and  fiftieth 
of  the  normal,  as  estimated  by  eye  reactions. 

Protocol.     Cat  US,  male 

Same  diet  as  for  cat  125. 

July  20,  1917.  Weight,  2.725  kgm.  Excised  right  adrenal.  It  weighed  0.152 
gram  and  contained  0.16  mgm.  epinephrin.  Extirpated  left  semilunar  ganglion 
and  severed  lumbar  chain  below  the  diaphragm. 

August  16,  1917.    Weight,  2.545  kgm.    Right  splanchnics  divided. 
August  30,  1917.    Weight,  2.71  kgm.    Blood  sugar  tests  made  as  follows: 
Normal  specimen,  0.089  per  cent ;  specimen  collected  after  frightening,  0.084  per 
cent;  specimen  collected  after  asphyxia,  0.153  per  cent.1 
August  31,  1917.    Excised  left  superior  cervical  ganglion 
September  18,  1917.    Weight,  2.41  kgm.    Condition  excellent. 
10.15  a.m.    5  grams  urethane  (stomach). 

11.50  a.m.    Inserted  tracheal  and  jugular  cannulae;  tied  coeliac  and  mesenteric 
arteries ;  at  once  clamped  off  and  removed  the  left  and  part  of  the 
middle  lobe  of  the  liver  for  glycogen  estimation.    Then  com- 
pleted a  cava  pocket  in  the  usual  way. 
12.20  p.m.    Left  pupil  wider  than  right;  both  nictitating  slightly  forward. 
12.20  p.m.    Pocket  experiment  two  minutes.    Small  pupil  and  nictitating  reac- 
tions in  10  seconds. 
12.24  p.m.    Pocket  experiment,  one  minute.    Small  pupil  and  nictitating  reac- 
tions in  13.2  seconds. 
12.26  p.m.     Pocket  experiment,  three  minutes.   Small  pupil  and  slight  nictitating 
reactions  in  11  seconds.    (Mot  much  different  from  observation 
at  12.20.) 
12.34  p.m.    0.5  cc.  1 : 1,300,000  adrenalin  injected.    Very  large  pupil  and  nictitat- 

12.40  p.m.    0.5  cc.  1 :  2,600,000  adrenalin  injected.    Very  large  pupil  and  nicti- 
tating reactions. 

■  The  blood  sugar  results  of  this  experiment  have  been  already  cited  in  our 
paper  in  this  Journal.  1917,  xliv,  543. 


db»  Google 


112  Q.    N.    STEWART  AND  J.   M.    ROGOFF 

12.41  p.m.    O.S  ce.  1 :  2,600,000  adrenalin  injected.    Same  result. 

12.46  p.m.    0.5  cc.  1 :  2,000,000  adrenalin  injected.    Very  good  pupil  reaction  in  6 

seconds.    {Nictitating  still  back.) 
12.48  p.m.    0.6  cc.  1:2,600,000  adrenalin  injected.    Good  pupil  reaction  in  8.3 

12.50p.m.  O.S  cc.  1:  4  000,000  adrenalin  injected.  Probably  slightly  larger  reac- 
tion than  that  produced  by  blood  collected  for  two  to  three  minute* 
in  the  cava  pocket. 

Now  collected  blood  spec imens  from  adrenal  (short  pocket)  as  follows: 

Sample  1,  1.2  grams  in  35  seconds  (2  grams  per  minute). 

Sample  2,  7.0  grams  in  four  and  one-half  minutes  (1.55  trams  per  minute). 

Sample  3,  9.0  grams  in  nine  minutes  (1  gram  per  minute). 

Collected  blood  from  jugular  vein  and  also  from  abdominal  aorta.  Left  adre- 
nal weighed  0.141  gram  and  contained  0.15  mgm-  epinephrin.  Glycogen  in  liver 
removed  at  beginning  of  experiment,  4.75  per  cent. 

The  eye  reactions  in  this  animal  indicated  that  the  output  of  epi- 
nephrin could  not  have  been  more  than  0.00004  mgm.  per  minute  for 
the  animal  or  0.000017  mgm.  per  kilogram  of  body  weight  per  minute; 
i.e.,  not  more  than  one-thirty-fifth  of  the  normal  output,  as  estimated 
by  eye  reactions.  The  rabbit  uterus  and  intestine  segment  tests 
showed  that  the  third  adrenal  specimen  contained  about  1:65,000,000 
epinephrin,  corresponding  to  an  output  of  0.000015  mgm.  per  minute 
for  the  animal  or  0.000006  mgm.  per  kilogram  of  body  weight  per 
minute;  i.e.,  one-fortieth  of  the  normal  as  estimated  by  the  segments. 

The  glycogen  content  of  the  liver  in  these  two  cats  was  4.26  and 
4.75  per  cent,  respectively.  In  two  normal  control  cats,  in  which  the 
operative  procedure  followed  in  cats  125  and  113  for  obtaining  a  lobe 
of  the  liver  was  imitated  under  urethane,  with  ligation  of  the  coeliac 
and  mesenteric  arteries,  the  glycogen  content  of  the  liver  was  1.95 
and  2.55  per  cent  respectively.  In  a  third  normal  cat,  killed  instan- 
taneously without  urethane,  the  content  was  4.13  per  cent. 

Since,  as  is  known,  a  large  proportion  of  rats  survive  the  excision 
of  ln>th  adrenals  we  made  some  observations  on  these  animals  also. 
It  has  l»een  staled  by  Schwari  (19)  that  rats  do  not  survive  more 
than  a  day  if  ImiIIi  adrenals  are  removed  at  one  time.  He  therefore 
left  an  interval  l>ctween  the  two  operations.  He  is  certainly  mistaken 
in  this  matter  fur  we  excised  the  two.adrenals  at  one  time  in  thirteen 
ruts.  Of  these  eight  died  in  one  to  fourteen  days.  The  remaining  five 
recovered  completely  and  were  sacrificed  for  the  glycogen  estimation. 
The  results  are  given  in  table  4.  In  table  5  an-  given  for  comparison 
the  glycogen  percent ages  found  in  five  normal  rats  and  in  three  rats  on 
which  a  laparotomy  had  liwii  performed  in  order  to  control  npproxi- 
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TABLE  1 

AdrewxUctomited  rait 

OLICO- 

QLTCOOKN 

sss. 

ADHENAIJWTOKT 

S^ 

""""" 

tm 

1917 

November  13 

159 

October     28 

5.01 

Ordinary  diet* 

November  22 

162 

October     28 

2.41 

Ordinary  diet 

December  14 

165 

December   3 

Trace 

Unleavened  bread  and  milk;  lost 
weight;  accessory  adrenal  found 

December  24 

167 

December  11 

1.40 

Ordinary  diet  (no  milk  for  two  days 
before  experiment).  Small  ac- 
cessory adrenal  found 

1918 

January        4 

169 

December  11 

2.99 

Unleavened  bread,  water,  no  milk; 
butter  for  four  days 

*  The  ordinary  diet  for  rats  consisted  of  bread,  corn,  oats  and  milk  daily  and 
mall  piece  of  cabbage  once  a  week. 


TABLE 8 

Normal  Rats 


Hi 

nrf 

AN  [MAI 

!*« 

ten 

November  22 

161 

2.69 

Carrots  and  sugar  for  1  week  before  experiment 
in  addition  to  ordinary  diet 

November  22 

163 

1.48 

Ordinary  diet 

December  14 

166 

2  59 

Unleavened  bread  and  milk 

December  29 

168* 

2.32 

Ordinary  diet  but  no  milk  for  two  days  before 
experiment 

1918 

January        4 

170* 

3.98 

Unleavened  bread,  water  but  no  milk  (butter 
four  days  prior  to  experiment) 

January      25 

171* 

4  45 

Only  unleavened  bread  and  water  for  two  weeks 
before  experiment 

January     25 

172 

5.19 

Only  unleavened  bread  and  water  for  two  weeks 
before  experiment 

*  To  control  any  general  effects  of  the  operation  in  the  adrenalectomized  rats, 
a  laparotomy  was  performed  on  these  three  normal  rats  on  December  19,  1917. 
Adrenalectomy  was  not  performed  but  otherwise  the  operation  was  similar. 
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mutely  the  efforts,  as  regards  trauma,  anesthesia,  etc.,  of  the  operation 
on  the  adrenalectomized  rats  but  without  removal  of  the  adrenals. 
No  essential  difference  is  shown  in  the  two  tables. 

Schwarz  has  stated  that  the  livers  of  adrenalectomized  rats  after 
feeding  with  dextrose  or  cane  sugar  contained  considerable  quantities 
of  glycogen.  His  protocols  show  no  definite  deficiency  as  compared 
with  normal  rats.  On  the  other  hand,  he  asserts  that  when  carbo- 
hydrate is  supplied  in  the  form  of  starch  as  in  feeding  "Serameln,"  the 
livers  of  the  adrenalectomized  rats  arc  practically  free  from  glycogen, 
while  normal  rats  with  the  same  diet  show  a  good  content.  Although 
the  fact  that  with  sugar  feeding  the  adrenalectomized  animals  form  and 
store  considerable  quantities  of  glycogen  is  sufficient  to  exclude  the 
idea  that  any  essential  change  in  the  process  of  glycogenosis  is  caused 
by  the  removal  of  the  adrenals,  we  made  some  experiments  in  order  to 
control  Schwarz's  observations.  Two  adrenalectomized  rats  were  fed 
from  the  time  of  the  operation  with  a  diet  certainly  free  from  added 
sugar,  the  "matzo"  (matron),  or  unleavened  broad  used  during  the 
Jewish  Passover.  Of  these  rats,  one  had  a  glycogen  content  of  2.99 
per  cent.  The  control  rat  (170  in  table  5)  had  a  content  of  3.98 
per  cent.  The  other  adrenalectomized  rat  had  only  a  trace  of 
glycogen  in  the  liver  but  the  animal  was  losing  in  weight,  hail  been 
apathetic  for  some  days  and  was  sacrificed  l>ccause  it  was  feared  it  . 
was  going  to  die.  The  control  normal  rat  (Ifio,  table  5)  had  2.59  per 
cent.  Two  other  control  rats  {171  and  172,  table  5),  were  fed  solely 
on  unleavened  bread  and  water  for  two  weeks.  The  glycogen  con- 
tents were  4.45  per  cent  and  5.19  per  cent  respectively. 

Kahn  and  Starkenstein  (11)  made  a  few  experiments  to  test  the 
results  of  Schwarz.  They  likewise  state  that  rats  do  not  survive  when 
Itoth  adrepals  are  removed  at  one  sitting.  Indeed,  according  to  them, 
if  a  shorter  interval  than  three  to  four  weeks  is  left  l>etwcon  the  first 
and  second  operations,'  death  ensues  within  two  days  after  the  second 
operation.  As  we  have  already  pointed  out,  this  ronelusion  is  cer- 
tainly erroneous.  A  quite  considerable  proportion  of  rats  survive  for 
a  much  longer  time  after  simultaneous  removal  of  Ixith  adrenals. 
Kahn  and  Starkenstein  state  that  adrcnalcetninized  rats  fed  on  a  diet 
of  milk.  "Semmeln"  and  some  oats,  do  not  store  glycogen  in  the  liver 
except  in  traces.  The  numls-r  of  experiments  performed  by  them  was 
very  small  and  the  few  protocols  given  in  their  paper  to  not  support 
this  conclusion.  In  the  three  adrenalectomized  animals  in  which 
glycogen  dclet  initial  ions  were  made,  the  glycogen  content  in  one  was 
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2.38  per  cent.  In  another,  piqure  had  been  done  before  the  liver  was 
obtained  for  the  glycogen  determination  and  if  a  hyperglycemia  had 
been  produced  the  glycogen  content  before  piqure  would  doubtless 
have  been  considerably  higher  than  that  actually  found.  They  did  not 
make  any  estimations  of  blood  sugar.  The  interval  between  the  last 
adrenal  operation  and  the  glycogen  determination  was  in  general  too 
short  for  the  post-operative  depletion  of  the  glycogen  store  to  be  cer- 
tainly made  good,  especially  in  view  of  the  fact  that  they  did  not  pur- 
posely feed  sugar  to  the  animals.  We  have  had  positive  results  even 
on  a  diet  containing  practically  no  sugar.  That  adrenalectomized  rats 
will  sometimes  show  only  a  trace  of  glycogen  in  the  liver  is  true  enough, 
but  this  is  also  the  case  with  normal  rats.  It  is  necessary  before  com- 
paring so-called  control  animals  with  the  operated  animals  to  know 
that  the  consequences  of  the  operation  as  such  on  the  glycogen  store 
have  been  entirely  eliminated.  And  this  can  never  be  assumed  with 
absolute  certainty  in  any  particular  animal,  especially  when  only  a  few 
days  have  elapsed  since  the  operation.  Schwarz  anesthetized  the 
rats  in  order  to  administer  sugar,  etc.,  by  the  stomach  tube  and  as  he 
fed  them  in  this  way  on  three  successive  days  the  effects  of  the  anes- 
thesia may  not  have  been  entirely  negligible. 


1.  In  rabbits  which  have  survived  the  removal  of  both  adrenals  and 
have  recovered  from  the  operation,  and  whose  livers  are  well  filled  with 
glycogen,  piqure  causes  decided  hyperglycemia  just  as  in  normal  rab- 
bits. The  hypothesis  that  piqure  hyperglycemia  is  caused  in  the  same 
way  as  the  hyperglycemia  produced  by  injecting  adrenalin,  by  an 
increased  liberation  of  epinephrm  from  the  adrenals  into  the  blood, 
must  therefore  be  abandoned.  We  have  previously  shown  (in  cats) 
that  the  hyperglycemia  associated  with  asphyxia  and  with  ether  anes- 
thesia is  likewise  not  dependent  upon  the  secretion  of  epinephrin.  In 
the  present  research  we  have  had  many  opportunities  to  observe  that 
hyperglycemia  is  caused  by  asphyxia  in  adrenalectomized  rabbits. 

2.  The  results  of  previous  observers  who  have  failed  to  obtain  piqure 
hyperglycemia  in  rabbits  after  extirpation  of  both  adrenals  are  due  to 
the  fact  that  they  have  performed  the  piqure  immediately  after  the 
adrenalectomy,  or  if  an  interval  has  been  allowed  it  has  been  too  short 
to  permit  complete  recovery  from  the  adrenal  operation  and  the  liver 
has  been  insufficiently  stored  with  glycogen.    Even  when  a  consider- 
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able  interval  has  elapsed  after  the  adrenal  operation,  the  state  of 
nutrition  of  the  animal  or  the  diet  has  sometimes  been  unfavorable  for 
glycogen  accumulation  and  therefore  a  positive  result  could  not  be 
expected. 

3.  There  is  no  real  evidence  that  piqure  increases  the  rate  of  libera- 
tion of  epinephrin  from  the  adrenals. 

4.  It  is  pointed  out  that  the  reactions  of  denervated  vascular  regions 
and  of  the  heart,  isolated  from  extrinsic  nervous  influence  by  section 
of  the  vagi  and  excision  of  the  stellate  ganglia,  which  have  been  inter- 
preted as  showing  that  the  rate  of  liberation  of  epinephrin  in  increased 
by  stimulation  of  afferent  nerves  and  by  asphyxia,  have  a  different 
significance. 

5.  The  formation  and  storing  of  glycogen  in  the  liver  is  not  affected 
by  removal  of  both  adrenals  in  rabbits,  or  by  removal  of  one  adrenal 
and  section  of  the  nerves  of  the  other  in  cats  with  consequent  abolition 
or  market!  reduction  in  the  rate  of  liberation  of  epinephrin.  In  rats, 
also,  extirpation  of  the  adrenals  produces  no  essential  change  in  the 
capacity  of  the  liver  to  form  and  store  glycogen. 
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Lavoisier,  shortly  after  his  discovery  that  oxygen  supported  combus- 
tion, showed  that  the  ingestion  of  food  increased  oxidation  in  the  body. 
Rubner  found  that  of  the  foodstuffs,  meat  ingestion  increased  oxida- 
tion most,  fat  next  and  sugar  least.  Several  theories  have  been  ad- 
vanced in  attempts  to  explain  how  food  increases  oxidation  in  the  body. 
Von  Meringand  Zuntz  (1)  believed  that  the  increased  oxidation  follow- 
ing the  ingestion  of  food  was  due  to  the  increased  activity  of  the  intes- 
tinal tract.  Voit  (2),  Rubner,  Johansson  (3)  and  Benedict  (4)  have 
shown  that  this  explanation  is  not  the  correct  one.  Voit  believed  that 
the  presence  of  increased  quantities  of  food  materials  augmented  the 
inherent  power  of  the  cells  to  metabolize.  Rubner,  on  the  contrary, 
contended  that  the  fundamental  metabolism  of  the  cell  was  not  effected 
by  the  ingestion  of  food  but  that  the  increased  heat  production  which 
follows  the  taking  of  food  was  due  to  heat  developed  from  intermediary 
reactions  and  oxidations  which  were  in  no  way  involved  in  the  life 
processes  of  the  cells.  Benedict  (5)  claims  that  the  ingestion  of  carbo- 
hydrates increases  oxidation  by  the  formation  of  acid  intermediary 
products  which  stimulate  metabolism.  Lusk  (6)  holds  that  the  stimu- 
lating effect  of  protein  to  increased  heat  production  is  due  to  the  influx 
of  amino  acids  which  cause  an  increase  in  metabolism  by  their  mass 
action  on  the  protoplasm  of  the  cells. 

We  (7)  have  shown  that  when  catalase  is  increased  by  the  stimula- 
tion of  the  different  glands,  particularly  the  liver,  to  an  increased  out- 
put of  this  enzyme,  there  results  an  increase  in  oxidation  in  the  body 
and  that  when  there  is  a  decrease  in  catalase,  a  decrease  in  oxidation 
follows.  The  object  of  the  present  investigation  was  to  determine  if 
the  ingestion  of  food  increases  the  catalase  of  the  blood  and  hence  of 
the  tissues  parallel  with  the  increase  in  heat  production,  and  if  ao,how 
this  is  brought  about  and  whether  protein  is  more  effective  in  this  re- 
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spect  than  fat  or  carbohydrate.  Dogs,  rabbits  and  cats  were  used  in 
the  investigation.  The  form  in  which  the  foodstuffs  were  introduced 
and  the  method  of  introduction  will  be  described  later  in  the  paper 
along  with  the  description  of  the  experiments.  Previous  to  the  intro- 
duction of  the  food  material  at  least  two  determinations  were  made  o 
the  catalase  of  the  blood  for  the  normal.  After  the  introduction  of  th  • 
food  materials  determinations  of  the  catalase  were  also  made  at  fixed 
intervals.  The  determinations  were  made  by  adding  0.5  cc.  of  blood 
to  a  known  amount  of  hydrogen  peroxide  in  a  bottle  at  22°C.  and  as 
the  oxygen  gas  was  liberated,  it  was  conducted  through  a  rubber  tube 
to  an  inverted  burette  previously  filled  with  water.  On  account  of  the 
low  catalase  content  of  the  blood  of  the  dogs,  50  cc.  of  hydrogen  peroxide 
were  used  while  250  cc.  were  used  for  the  cats  and  rabbit*.  After  the 
volume  of  gas  collected  as  described  in  ten  minutes  had  t>een  reduced 
to  standard  atmospheric  pressure  the  resulting  volume  was  taken  as  a 
measure  of  the  amount  of  catalase  in  the  0.5  cc.  of  blood.  The  mate- 
rial was  shaken  in  a  shaking  machine  at  a  fixed  rate  of  one  hundred  and 
eighty  double  shakes  per  minute  during  the  determinations. 

The  first  part  of  this  paper  is  concerned  with  showing  that  the  intro- 
duction  of  the  foodstuffs  increases  the  catalase  of  the  blood  and  hence 
of  the  tissues,  and  that  this  increase  is  brought  about  by  the  stimula- 
tion of  the  glands,  particularly  the  liver,  to  an  increased  output  of  this 
enzyme.  The  fat  used  was  200  grams  of  olive  oil  emulsified  by  shaking 
with  100  cc.  of  a  1  per  cent  sodium  carbonate  solution;  the  sugar,  400 
grams  of  dextosc  dissolved  in  500  cc.  of  water,  and  the  meat  was  in 
the  form  of  a  peptic  digest.  The  digest  was  made  by  adding  800  grama 
of  ground  lean  Ijecf,  previously  freed  as  much  as  possible  from  fat  and 
connective  tissue,  to  500  cc.  of  0.5  per  cent  hydrochloric  acid  in  which 
had  l>een  dissolved  100  grams  of  a  commercial  preparation  of  pepsin. 
The*  mixture  was  permitted  to  stand  in  a  thermostat  at  40°C.  for  twenty- 
four  hours.  After  etherizing  a  dog  that  had  gone  without  food  for 
twenty  hours,  the  al>dominal  wall  waa  opened  and  the  digest  of  800 
grams  of  lean  meat  was  introduced  into  the  stomach  and  intestines  in 
altout  equal  quantities.  The  acid  of  the  digest  was  almost  neutralised, 
previous  to  introduction  into  the  animal,  by  the  addition  of  sodium  car- 
bonate. The  material  was  introduced  under  pressure  through  a  piece 
of  rubber  tubing  and  a  hypodermic  needle  which  was  inserted  through 
the  wall  of  the  stomach  and  intestine  respectively.  In  a  similar  man- 
ner the  emulsified  olive  oil  and  sugar  solution  were  introduced  into 
other  dogs.     Determinations  were  made  of  the  catalase  of  0.5  cc   of 
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the  samples  of  blood  taken  from  the  portal  vein,  liver  and  external 
jugular  vein  before  as  well  as  at  fixed  intervals  after  the  introduction 
of  the  materials.  The  blood  was  taken  from  the  portal  and  jugular 
veins  by  means  of  a  hypodermic  needle  attached  to  a  1  cc.  pipette. 
The  blood  of  the  liver  was  collected  from  a  superficial  incision  made  in 
this  organ.  Blood  thus  collected  was  examined  under  the  microscope 
and  found  to  be  free  from  liver  cells.  Bile  taken  from  the  gall  bladder 
and  tested  for  catalase  was  found  to  contain  none.  Hence  any  varia- 
tion in  the  catalase  content  of  the  blcod  of  the  liver  from  that  found 
elsewhere  in  the  body  could  not  be  due  either  to  liver  tissue  or  bile. 

In  figure  1  curves  A,  B  and  C  were  constructed  from  data  obtained 
from  a  dog  previous  to  and  after  the  introduction  of  the  200  grams  of 
olive  oil.  Curve  A  was  constructed  from  data  obtained  from  determi- 
nations of  the  catalase  in  the  blcod  of  the  liver;  curve  B  in  the  blood 
from  the  portal  vein  and  curve  C  in  the  blood  from  the  external  jugu- 
lar. The  figures  (0  to  120)  along  the  abscissa  indicate  time  in  minutes 
while  the  figures  along  the  ordinate  (0  to  130)  indicate  amounts  of 
catalase  measured  in  cubic  centimeters  of  oxygen  liberated  from  hydro- 
gen peroxide  in  ten  minutes  by  0.5  cc.  of  blood.  It  may  be  seen  that 
0.5  cc.  of  the  samples  of  blood  taken  from  the  liver  previous  to  the 
introduction  of  the  olive  oil  liberated  80  and  78  cc.  of  oxygen  respect- 
ively from  hydrogen  peroxide;  that  the  blood  from  the  portal  vein 
liberated  75  and  75  cc.  and  that  from  the  jugular  71  and  72  cc.  Fifteen 
minutes  after  the  introduction  of  the  olive  oil  the  blood  from  the  liver 
liberated  101  cc.  of  oxygen,  that  from  the  portal  vein  80  cc.  and  that 
from  the  jugular  75  cc;  fifteen  minutes  later,  the  blood  from  the  liver 
liberated  105  cc.  of  oxygen,  the  portal  blood  91  cc.  and  the  blood  from 
the  jugular  76  cc;  after  forty-five  minutes  the  blood  from  the  liver 
liberated  111  cc,  that  of  the  portal  vein  liberated  92  cc.  and  that  of  the 
jugular  82  cc;  and  after  sixty  minutes  the  blood  from  the  liver  liber- 
ated 116  cc,  that  of  the  portal  vein  94  cc.  and  that  of  the  jugular  86 
cc;  and  after  seventy-five  minutes  the  blood  of  the  liver  liberated  125 
cc 

From  these  data  it  may  be  seen  that  previous  to  the  introduction  of 
the  olive  oil  the  blood  from  the  liver  was  richer  in  catalase  than  that 
of  the  portal  vein  and  that  the  blood  from  the  portal  vein,  in  turn, 
contained  more  catalase  than  the  blood  from  the  jugular.  It  may  also 
be  seen  that  after  the  introduction  of  the  olive  oil  the  catalase  of  the 
blood  from  the  liver  increased  more  rapidly  than  did  that  of  the  portal 
vein,  and  the  catalase  of  the  blood  of  the  portal  vein  more  rapidly  than 
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Fix.  1.  Curves  showing  the  effort  of 
the  introduction  of  olive  pit, meat  digest, 
peptone  solution  and  dextrose  into  the 
alimentary  tract  on  the  catalase  content 
of  the  blood;  A ,  B,  C  the  effect  of  the  in- 
troduction of  olive  oil,  I)  of  meat  digest, 
E,  F  and  G  of  peptone,  W,  /  and  J  of 
dextrose.  The  figures  (0-120)  along  the 
abscissa  indicate  time  in  minutes;  the 
6gures  (0-130)  along  the  ordinate  indi- 
cate amounts  of  catalase  measured  in 
cubic  centinirtera  of  oxygen  lilicraied 
from  hydrogen  peroxide  in  ten  minute* 
by  0.5  cc.  of  blood. 
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that  of  the  jugular.  The  fact  as  shown  in  curve  B  that  immediately 
after  the  introduction  of  the  olive  oil  the  catalase  of  the  blood  of  the 
portal  vein  increased  more  rapidly  than  that  of  the  jugular,  is  taken  to 
mean  that  the  gastric  and  intestinal  glands  a=  well  as  the  liver  were 
stimulated  to  an  increased  outputof  catalase  by  the  olive  oil.  The  pre- 
ceding experiment  was  repeated  on  several  other  dogs  and  in  general 
the  same  results  were  obtained  except  when  smaller  amounts  of  olive 
oil  were  used  or  for  some  unknown  reason,  the  liver,  gastric  and  intes- 
tinal glands  were  not  so  strongly  stimulated,  there  was  scarcely  any 
change  produced  in  the  catalase  of  the  blood  of  a  systemic  vein,  such  as 
the  jugular,  although  the  catalase  of  the  blood  of  the  liver  and  of  the 
portal  vein  was  always  increased.  We  have  found  that  the  catalase  of 
the  blood  of  the  systemic  veins  in  general  contain  between  6  and  20 
per  cent  less  catalase  than  the  blood  taken  directly  from  the  liver  or 
from  one  of  the  hepatic  veins.  This  observation  is  interpreted  to 
mean  that  while  catalase  is  being  given  off  by  the  liver,  the  gastric  and 
intestinal  glands,  it  is  being  used  or  destroyed  by  the  tissues.  In  ad- 
dition to  stimulating  the  liver  and  the  gastric  and  intestinal  glands,  it 
is  probable  that  other  glands,  such  as  the  pancreas  and  spleen,  were 
also  stimulated  to  an  increased  output  of  catalase  by  the  olive  oil  just 
as  we  had  found  to  be  the  case  with  alcohol. 

The  same,  method  of  procedure  was  used  in  studying  the  effect  of  the 
gastric  digest,  the  dextrose  and  also  a  peptone  solution,  as  was  used 
in  studying  the  effect  of  the  emulsified  olive  oil.  The  peptone  solution 
was  made  by  dissolving  100  grams  of  peptone  in  250-  cc.  of  water.  This 
solution  was  made  acid  to  the  extent  of  0.3  per  cent  by  the  addition  of 
hydrochloric  acid.  The  results  for  the  gastric  digest  are  given  in  curve 
D,  for  the  peptone  in  curves  E,  F  and  G,  and  for  the  dextrose  in  curves 
//,  /  and  /.  It  may  be  seen  that  the  effect  of  the-  gastric  digest,  the 
dextrose  and  the  peptone  was  in  general  the  same  as  that  of  the  olive 
oil,  namely,  a  production  of  an -increase  in  catalase. 

The  second  part  of  this  paper  is  concerned  with  determining  whether 
meat  in  keeping  with  its  greater  stimulating  effect  on  heat  production 
is  more  effective  than  fat  or  sugar  in  stimulating  the  glands,  particu- 
larly the  liver,  to  an  increased  output  of  catalase.  "The  animal  used  was 
a  dog.  The  foodstuffs  were  100  grams  of  olive  oil,  emulsified  by  shak- 
ing with  50  cc.  of  a  1  per  cent  sodium  carbonate  solution;  the  sugar, 
225  grams  of  dextrose  dissolved  in  400  cc.  of  water,  and  She  meat,  800 
grams  of  lean  round  steak  freed  as  far  as  possible  from  connective  tissue 
and  fat.     The  emulsified  olive  oil  and  sugar  solution  were  introduced 
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by  means  of  a  stomach  tube  and  the  animal  ate  the  800  grama  of  steak 
which  was  finery  ground.  The  catalase  of  0.5  cc.  of  samples  of  blood 
taken  from  the  external  jugular  before  as  well  as  at  fixed  intervals  after 
the  giving  of  the  foodstuffs  was  determined  according  to  the  method 
described  in  the  first  part  of  the  paper.  There  was  an  interval  of  about 
two  weeks  between  the  administration  of  each  of  the  three  foodstuffs 
and  the  same  dog  was  used  for  all  three  of  them.  The  effect  of  the  dif- 
ferent foodstuffs  given  in  isodynamic  quantities  on  the  catalase  con- 
tent of  the  blood  of  the  dog  is  shown  in  figure  2.  The  figures  along  the 
abscissa  indicate  time  in  minutes  while  those  along  the  ordinate  indi- 
cate percentage  increase  in  catalase.  The  curve  marked  meat  was 
constructed  from  data  obtained  from  the  dog  after  feeding  the  800 
grams  of  lean  steak;  the  one  marked  fat  after  giving  the  100  grams  of 
olive  oil  and  the  one  marked  sugar  after  giving  the  225  grams  of  dex- 
trose. It  will  be  seen  that  two  hours  after  eating  the  meat  the  cata- 
lase of  the  blood  had  increased  by  60  per  cent;  after  three  hours  it  had 
increased  81  per  cent  and  after  four  hours  115  per  cent  at  which  time 
it  had  reached  a  maximum  and  then  began  to  decrease  and  had  re- 
turned almost  to  the  normal  amount  after  nine  hours.  It  may  be 
seen  also  that  the  increase  produced  in  catalase  by  the  fat  reached  a 
maximum  of  60  per  cent  in  three  hours  and  had  returned  almost  to 
normal  after  four  and  one-half  hours,  and  that  the  effect  of  the  sugar 
reached  a  maximum  of  51  per  cent  in  two  and  one-half  hours.  Com- 
paring the  results  for  the  three  foodstuffs  it  will  be  seen  that  meat  in- 
gestion produced  the  greatest  increase  in  catalase,  fat  next  and  sugar 
least.  This  experiment  was  repeated  on  the  same  dog  three  different 
times  and  in  general  the  same  results  were  obtained.  The  foodstuffs 
were  also  fed  in  isodynamic  quantities  to  several  other  dogs  but  none 
of  these  dogs  gave  as  good  result  as  those  described  above.  No  trouble 
was  experienced  in  inducing  these  dogs  to  eat  meat  but  they  would 
vomit  almost  invariably  after  the  introduction  of  either  the  olive  oil 
or  the  sugar.  In  some  instances  we  found,  when  using  a  dog  whose 
blood  catalase  was  high,  that  the  feeding  even  of  meat  produced  very 
little  or  no  change  in  the  catalase  of  the  blood  of  the  jugular.  Upon 
etherising  and  opening  the  abdominal  wall  of  such  a  dog,  however,  and 
testing  the  blood  taken  either  directly  from  the  liver  or  from  one  of 
the  hepatic  veins,  we  always  found  the  catalase  of  the  blood  of  the  liver 
to  be  higher  by  50  to  75  per  cent  than  that  in  the  jugular  vein,  whereas 
normally  the  catalase  of  the  blood  of  the  liver  is  only  about  15  per  cent 
higher  than  that  of  the  jugular.    Hence  the  ingestion  of  the  meat  was 
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stimulating  the  liver  to  an  increased  output  of  catalase  although  the 
blood  of  the  jugular  did  not  indicate  it.  That  was  probably  due  to  the 
rapid  destruction  of  the  catalase  in  the  tissues  and  to  the  great  dilution 


X 

ft- 

t\ 

-4      ^ 

i    v- 

t      V 

ih    i 

i      v 

-t       \ 

;       j        \ 

\       JZ^t          \ 

ti'rX                                V 

tUXA                  V 

4lt\     \-                                \ 

Ui     \X                 V 

'32       II                    S 

'    itt-       -U                       Z 

■   3Z         l_l_  •               v 

\-*£         Xt              ^^' 

j          ii'-. 

» /            j 

.£_,_,    f,             ~~" 

Fig.  2.  Curves  showing  the  percentage  increase  produced  in  the  catalase  of  the 
blood  by  the  ingestion  of  meat,  fat  and  sugar  in  isodynamic  quantities.  The  fig- 
ures (0-060}  along  the  abscissa  indicate  time  in  minutes;  the  figures  (0-125)  along 
the  ordinate  indicate  percentage  increase  in  catalase. 

by  the  blood.  By  taking  the  blood  directly  from  the  liver  or  from  a 
hepatic  vein,  we  have  always  found  a  great  increase  produced  in  cata- 
lase after  the  ingestion  of  food. 
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The  last  part  of  this  paper  is  concerned  with  determining  whether 
the  output  of  catalase  from  the  liver  cells  continues  after  the  extirpa- 
tion of  the  liver,  as  is  the  case  with  the  conversion  of  glycogen  into  dex- 
trose or  the  formation  of  urea  from  ammonium  salts.  The  animals 
used  were  cats  and  rabbits.  After  killing  the  animals  the  livers  were 
removed  and  hashed  in  a  hashing  machine.  The  catalase  in  one  gram 
of  the  hashed  liver  was  determined  according  to  the  method  already 
described. 

Curve  A  in  figure  3  was  constructed  from  data  obtained  from  deter- 
minations of  the  catalase  in  one  gram  of  the  liver  of  a  cat  which  was 
hashed  in  a  hashing  machine  immediately  after  its  removal  from  the 
animal.  This  hashed  material  was  placed  in  a  glass  vessel  ami  cov- 
ered. A  determination  of  the  catalase  of  one  gram  of  this  material 
was  made  immediately.  After  fifteen  minutes  another  determination 
was  made.  Similarly,  determinations  were  made  after  thirty,  forty- 
five,  sixty,  seventy-five,  ninety  and  one  hundred  and  five  minutes.  The 
results  of  the  determinations  are  given  in  curve  A.  It  will  be  seen 
that  immediately  after  the  removal  and  hashing  of  the  liver  one  gram 
of  the  material  li)x>rated  820  cc.  of  oxygen  from  250  ce.  of  hydrogen 
peroxide.  After  the  material  had  stood  for  thirty  minutes,  one  gram 
liberated  940  ce.,  after  standing  one  hour,  1000  cc,  and  after  one  and 
one-half  hours  1 100  cc.  Prom  these  data  it  may  be  seen  that  the  cata- 
lase gradually  increased  in  the  hashed  liver  on  standing  and  after  two 
hours  it  had  increased  about  34  per  cent.  This  material  was  kept  for 
about  twenty-four  hours  ami  it  was  found  that  there  was  do  further 
increase  in  the  catalase  content.  Curve  B  Was  constructed  from  data 
obtained  from  a  cat  in  a  manner  similar  to  that  for  curve  A.  Curves 
('  and  D  were  similarly  constructed  except  the  livers  of  rabbits  were 
used  instead  of  the  livers  of  eats.  Similar  experiments  were  carried 
out  on  the  livers  of  other  rabbits  and  cats  except  only  a  piece  of  the 
liver  was  hashed  immediately  upon  removal  from  the  animal,  the  other 
parts  of  the  liver  l>cing  ground  at  intervals  of  thirty  minutes  immedi- 
ately before  the  determinations  of  the  catalase  were  made.  It  was 
found  that  the  cntalase  increased  more  rapidly  in  this  material  than 
it  did  in  the  livers  which  were  ground  immediately  upon  removal  from 
the  animals. 

We  have  shown  in  this  paper  that  when  dextrose  reaches  the  liver 
after  absorption  from  the  stomach  and  intestines,  it  stimulates  this 
gland  to  an  increased  output  of  catalase.  Claude  Bernard  (1857] 
showed  that  when  the  liver  wan  removed  from  an  animal  the  stored 
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Fig.  3.  Curves  showing  the  in- 
crease in  the  catalase  of  extir- 
pated livers  on  standing.  The 
figures  (0-210)  along  the  abscissa 
indicate  time  in  minutes;  the  fig- 
ures (0-1100)  along  the  ordinate 
indicate  amounts  of  catalase  meas- 
ured in  cubic  centimeters  of  oxy- 
gen liberated  from  hydrogen  per- 
oxide in  ten  minutes  by  0.5  cc.  of 
blood. 
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glycogen  wu  converted  very  rapidly  into  dextrose.  The  explanation 
that  suggests  itself  for  the  increase  in  the  catalase  of  the  liver  after  its 
removal  from  the  body  of  the  animal  is  the  stimulation  of  the  cells  to 
an  increased  output  of  this,  enzyme  by  the  dextrose  arising  from  the 
glycogen.  This  observation  would  also  seem  to  offer  an  explanation 
for  the  fact  that  the  blood  taken  directly  from  the  liver  or  from  one  of 
the  hepatic  veins  contains  normally  more  catalase  than  the  blood  from 
any  other  part  of  the  body.  The  preceding  experiments  would  seem 
to  indicate  that  the  dextrose,  which  is  being  formed  continually  from 
the  stored  glycogen,  serves  not  only  as  a  source  of  energy  when  carried 
to  the  muscles  and  oxidised,  but  acts  also  to  stimulate,  particularly  in 
the  liver,  an  increased  output  of  catalase  which  brings  about  oxidation, 
in  some  as  yet  unknown  way. 

We  have  already  shown  that  when  oxidation  was  increased,  as  for 
example,  by  increasing  the  amount  of  work,  by  thyroid  feeding,  by 
fighting  and  during  the  excitement  stage  of  ether  anaesthesia,  then 
was  an  accompanying  increase  in  catalase,  due  to  the  stimulation  of  the 
liver  to  an  increased  output  of  this  enzyme,  and  that  when  oxidation 
was  decreased  or  rendered  defective,  as  for  example,  by  decreasing  the 
amount  of  work,  by  starvation,  by  phosphorus  poisoning,  by  extirpa- 
tion of  the  pancreas,  thus  producing  pancreatic  diabetes  with  resulting 
defective  oxidation,  in  deep  ether  anaesthesia  and  in  "shock,"  there 
was  an  accompanying  decrease  in  catalase.  In  the  present  paper  it  is 
shown  that  the  end  products  of  digestion  stimulate  the  liver,  gastric 
and  intestinal  glands  to  an  increased  output  of  catalase  parallel  with 
the  increase  produced  in  oxidation,  and  in  a  previous  paper  it  was  shown 
that  during  starvation  there  was  a  decrease  in  catalase  accompanying 
the  decrease  in  oxidation.  We  had  also  found  that  a  great  increase 
was  produced  in  the  output  of  catalase  from  the  liver  by  stimulating  the 
splanchnic  nerves  distributed  to  this  organ.  Hence  it  may  be  assumed 
that  the  output  of  catalase  from  the  different  glands,  particularly  the 
liver,  is  normally  controlled  by  nervous  as  well  as  chemical  stimuli. 
In  combat,  for  example,  it  is  probable  that  the  increase  in  catalase  with 
resulting  increase  in  oxidation  is  brought  about  by  nervous  stimuli 
reaching  the  liver  over  the  splanchnic*,  between  meals  the  output  of 
catalase  is  controlled  principally  by  the  dextrose  constantly  being 
formed  from  the  glycogen,  during  and  immediately  following  meals  by 
the  end  products  of  digestion  absorbed  from  the  stomach  and  intestines. 
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Ingestion  of  the  foodstuffs  increases  the  catalase  of  the  blood  and 
hence  of  the  tissues  parallel  with  the  increase  in  heat  production.  The 
increase  in  catalase  is  due  mainly  to  the  stimulating  effect  of  the  ab- 
sorbed foodstuffs  on  the  liver.  The  ingestion  of  protein  in  keeping  with 
its  greater  stimulating  effect  on  heat  production  produces  a  greater  in- 
crease in  catalase  than  fat  or  carbohydrate.  After  the  removal  of  the 
liver  from  the  body  of  an  animal,  the  liver  cells  continue  to  liberate 
catalase  for  about  two  hours,  due  presumably  to  the  stimulating  effect 
of  the  dextrose  formed  from  the  glycogen. 
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Adrenalin  (1)  and  pituitrin  (2)  have  been  shown  to  regulate  the 

excretion  of  urea  in  contrary  directions.     In  this  paper  experiments 

are  given  which  show  that  the  injection  of  amounts  of  adrenalin  which 

TABLE  1 

Comparison  of  a  group  of  18  rabbits  without  and  with  a  mixture  of  O.tS  ec.  of  adre- 
nalin and  O.OtB  to.  pituitrin.     No  effect  on  the  ratio 
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greatly  increase  the  activity  of  the  kidney  and  of  amounts  of  pituitrin 
which  markedly  depress  that  activity,  have  no  effect  when  they  are 
given  together  in  a  certain  balanced  proportion.  On  the  other  hand, 
when  a  mixture  of  both  is  injected  in  which  this  balance  is  upset  by  a 
preponderance  of  one  or  the  other,  a  modified  adrenalin  or  pituitrin 
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effect  is  produced.     Adrenalin  and  pituitrin  are  thus  mutually  antago- 
nistic and  each  may  neutralize  the  effect  of  the  other. 

The  averages  from  a  group  of  rabbits  under  the  standard  control 
conditions  and  after  the  injection  of  0.25  cc.  adrenalin  alone  and  of 
0.025  cc.  pituitrin  alone  were  obtained.  A  fourth  series  of  experiments 
was  then  carried  out  in  which  these  same  quantities  of  adrenalin  and 
pituitrin  were  mixed  and  injected  together.  The  average  results  of 
the  control  and  mixture  experiments  are  given  in  table  1  and  figure 
1,  and  the  details  of  the  latter  in  table  5. 


Comparison  of  a  group  of  4  rabbits  without  and  with  a  mixturt  of  0.tS  ec.  adrenalin 

and  0.0IS5  cc.   pituitrin.     A   modified  adrenalin  effect  on  the  ratio 
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As  compared  with  the  figures  for  the  controls,  those  of  the  adrenalin 
experiments  indicated  a  marked  increase  in  the  urea  excreting  function 
and  those  in  the  pituitrin  experiments,  a  pronounced  decrease.  But 
there  is  no  appreciable  change  in  the  mode  of  action  of  the  kidney 
when  both  are  given  together.  The  stimulating  influence  of  the 
adrenalin  is  almost  exactly  counter  balanced  by  the  depressing  effect 
of  the  pituitrin. 

Comparison  of  a  group  of  4  rabbits  without  and  with  0.125  cc.  adrenalin  and  0.1*5 
cc.  pituitrin.     A  modified  pituitrin  effect  on  the  ratio 
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With  a  mixture  in  which  the  proportion  of  adrenalin  is  relatively 
greater,  some  increase  in  the  activity  of  urea  excretion  is  produced 
though  the  effect  of  the  pituitrin  in  still  apparent,  since  the  increase  is 
not  so  great  as  when  the  same  amount  of  adrenalin  is  given  alone. 

When  the  proportions  are  again  altered  so  that  the  amount  of  pitui- 
trin is  relatively  greater  than  in  the  halanceil  mixture,  &  depression  ol 
kidney  function  follows  in  which  the  opposing  action  of  the  adrenalin 
can  still  be  traced. 

DtscrsttioN 

The  experiments  given  in  this  last  paper  enlarge  the  significance  of 
our  previous  results.  For  while  it  is  of  interest  that  adrenalin  stimu- 
lates and  that  pituitrin  depresses  the  activity  of  the  kidney,  the  fait 
that  they  have  effects  which  are  so  exactly  the  reverse  of  each  other 
that  the  influence  of  cither  may  Iw  nullified  by  the  simultaneous  admin- 
istration of  a  certain  quantity  of  the  other,  may  have  a  theoretical 
significance  of  a  higher  order.  This  fact  suggests  that  the  resultant 
of  the  balance  in  the  blood  U'tweeii  the  amounts  of  opposed  active 
principles  secreted  by  the  suprarenal  and  pituitary  glands  may  be  a 
factor  in  determining  the  state  of  renal  activity 

But  there  is  one  aspect  of  our  results  from  which  a  deduction  of  more 
than  hypothetical  value  may  l>c  drawn.  Adrenalin  and  pituitrin. 
given  as  we  gave  them,  do  not  exert  their  effects  on  the  excretion  of 
urea  indirectly  through  influencing  the  circulatory  conditions  in  the 
kidney,  but  ait  directly  on  the  urea  secreting  mechanism.  That  pitui- 
trin acts  through  the  medium  of  the  nervous  system  is  probable,  but 
with  adrenalin  there  is  more  tlian  probability,  there  is  a  high  degree  ol 
certainty  that  it  can  act  only  on  the  termination  of  sympathetic  nerve 
filx'rs  ill).  Since  the  kidney  is  supplied  with  many  nerve  fibers  which 
end  not  on  the  vcs-els,  but  on  the  secreting  cells  of  the  glomeruli  ami 
tubules,  we  cannot,  in  view  of  the  secretory  effect  of  adrenalin,  avoid 
the  conclusion  that  these  are  secretory  nerve  endings  which  it  stimu- 
lates. And  since  not  only  adrenalin,  hut  in  all  probability  pituitrin 
also,  simply  accelerate  or  depress  nerve  imjiul-ci,  their  effect  on  the 
secretory  activity  of  the  kidney  may  lie  regarded  as  an  argument  in 
favour  of  a  direct  regulation  and  coordination  of  the  activities  of  the 
kidney  through  the  central  nervous  system.  We  Ix-lieve  that  in  the 
ra-c  of  adrenalin  this  argumctil  bus  the  force  of  n  proof. 

In  regard  to  the  hypothc-i-.  of  an  adreniii  pituitrin  balance  in  the 
UihhI  brought  to  the  kidney,  we  are  aware  that  our  experiments  only 
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suggest  and  do  not  in  themselves  prove  the  existence  of  such  a  type  of 
physiological  regulation.  And  the  history  of  theories  as  to  the  function 
of  the  adrenin  of  the  suprarenal  glands  based  on  the  results  of  the  intra- 
venous administration  of  adrenalin  is  a  warning  against  attaching  too 
much  importance  to  experiments  in  which  active  principles  are  injected 
from  without  into  the  body  in  ways  which  can  never  exactly  duplicate 
the  rate  and  manner  in  which  they  are  distributed  to  the  tissues  from 
the  sites  of  their  formation  within  the  body.  Yet  we  feel  that  experi- 
ments such  as  ours  in  which  the  gland  extracts  are  administered  so  that 
they  gain  entrance  to  the  body  only  slowly,  in  minute  quantities  and 
over  a  considerable  period  of  time,  should  carry  more  weight  in  decid- 
ing questions  of  physiological,  as  opposed  to  pharmacological,  action, 
than  those  in  which  extracts  are  suddenly  injected  into  the  circulation 
in  amounts  which,  for  a  short  time  at  least,  must  induce  concentrations 
of  these  substances  in  the  blood  out  of  all  proportion  higher  than  any 
which  can  ever  have  previously  existed  there.  This  latter  is  a  grossly 
artificial  method  which  certainly  bears  no  relation  to  physiological 
processes,  while  the  former  is  at  least  more  nearly  comparable  to  what 
we  know  of  the  normal  modes  of  entrance  of  these  secretions  into  the 
blood  stream. 

There  is  one  comparatively  simple  way  in  which  the  hypothesis  of  an 
adrenin  pituitrin  balance  may  be  tested.  If  the  suprarenal  glands  are 
removed,  the  pituitary  secretion  will  be  left  unopposed  and  there  should 
be  a  depression  of  renal  activity.  Similarly,  when  the  pituitary  gland 
is  removed,  the  suprarenal  secretion  will  be  unopposed  and  the  activity 
of  the  kidney  should  be  increased. 

We  had  not  much  more  than  started  this  phase  of  the  work  when 
other  duties  required  our  attention  for  an  indefinite  period  of  time. 
We  had  compared  the  effect  on  kidney  function  of  operations  in  which 
the  suprarenals  were  exposed,  or  one  suprarenal  removed,  with  the 
effect  of  double  suprarenalectomy.  We  found  that  when  both  glands 
were  removed,  the  function  of  the  kidneys  was  depressed  to  a  mach 
greater  degree  than  after  other  procedures  in  which  the  factors  of 
trauma  and  anaesthetic  were  as  far  as  possible  the  same.  The  decrease 
in  function  was  indeed  in  most  cases  so  marked  that  little  more  than 
traces  of  urea  were  excreted  and  the  value  of  the  ratios  approached 
zero.  As  a  consequence  the  percentage  of  error  of  the  determination 
was  considerable  and  these  preliminary  experiments,  though  they 
established  the  general  fact  of  a  great  loss  of  capacity  for  urea  excre- 
tion, were  not  sufficiently  accurate  to  allow  us  to  settle  the  point  in 
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which  we  were  especially  interested,  i.e.,  the  form  of  the  ratio-curve 
in  the  absence  of  the  suprarenale.  We  can,  however,  fully  agree  with 
Marshall  and  Davis*  (4)  conclusion  that  the  decrease  in  the  rate  of 
excretion  of  urea,  chlorides  and  creatinin  which  they  observed  in  cats 
after  double  Buprarenalectomy  may  be  regarded  as  evidence  of  a  de- 
crease in  the  activity  of  the  kidney.  , 

We  had  not  even  begun  to  attempt  operations  on  the  pituitary  gland. 
It  is  stated  by  Gushing  (S)  that  in  dogs  tbe  volume  of  urine  is  three  to 
five  times  greater  after  the  removal  of  the  posterior  lobe  of  the  pitui- 
tary gland,  and  that  this  diuresis  persisted  for  some  time.  It  is  inter- 
esting to  note,  however,  that  it  was  not  a  permanent  condition.  In 
this  connection  the  results  of  one  of  our  experiments  in  which  a  rabbit 
survived  the  removal  of  both  suprarenal*  may  be  worth  quoting.  The 
preliminary  control  experiment  under  standard  conditions  gave  an 
average  ratio  of  1.54.  Five  days  later  both  suprarenal*  were  exposed 
and  manipulated  through  extraperitoneal  incisions.  Immediately 
after  the  animal  had  recovered  from  the  anaesthetic  the  experiment 
was  commenced.  The  average  ratio  was  2.13,  which  was  exceptional 
in  that  such  an  operation  usually  reduced  the  activity  of  the  kidney. 
One  week  later  the  wounds  were  reopened  and  both  suprarenal  glands 
removed.  Ratios  were  measured  immediately  afterwards  and  an 
average  of  0.36  obtained.  Though  this  is  a  considerable  reduction,  it 
is  a  much  higher  ratio  than  we  usually  obtained  after  taking  out  both 
glands.  Next  day  the  rabbit  was  still  alive  and  the  average  ratio  was 
found  to  he  0.68.  On  the  third  day  after  the  double  suprarenalectomy 
the  ratio  had  risen  to  1.15  and  on  the  seventh  day  to  1.59.  A  single 
experiment  is  of  course  of  no  great  value,  but  it  is  suggestive  when 
taken  in  conjunction  with  the  apparently  similar  experience  when  the 
posterior  lol>e  of  the  pituitary  is  removed.  The  simplest  explanation, 
no  doubt,  is  that  remaining  pituitary  or  suprarenal  tissue,  though  at 
first  insufficient,  was  later  able  to  right  the  balance;  but  it  is  also  pos- 
sible that  the  nervous  system  may  in  time  accommodate  itself  to  the 
alwnee  of  either  pituitrin  or  of  adrenin,  so  that  the  equilibrium  be- 
tween those  nervous  impulses  which  accelerate  and  those  which  depress 
the  activities  of  the  kidney  is  again  reestablished.  ■ 

Beyond  giving  our  reasons  for  concluding  that  adrenalin  and  pitui- 
trin, when  administered  flubcutancously,  cannot  influence  the  secretion 
of  urea  by  virtue  of  any  effect  on  the  circulation  of  blood  through  the 
kidney,  we  have  so  far  avoided  any  reference  to  the  rate  of  blood  flow 
as  a  factor  in  determining  renal  activity.     It  is,  technically,  a  very 
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difficult  matter  to  obtain  valid  data  on  the  relation  between  blood  flow 
and  variations  in  the  secretion  of  the  normal  kidney.  Stromuhr  meas- 
urements necessitate  a  degree  of  interference  with  the  nervous  connec- 
tions of  the  kidney  which  is  in  itself  amply  sufficient  to  cause  large 
deviations  from  normal  blood  flow  and  normal  function.  But  we  had 
hoped  we  might  be  able  to  obtain  evidence  in  regard  to  this  question 
by  a  method  which  does  not  require  the  attachment  of  any  mechanical 
measuring  device  to  the  renal  vein.  By  using  a  syringe  with  a  fine 
needle  it  is  possible  to  obtain  at  intervals  samples  of  blood  from  the 
renal  vein  so  that  the  urea  concentration  of  the  blood  as  it  leaves  the 
kidney  can  be  determined.  At  the  same  time  blood  may  be  taken 
from  the  jugular  vein  as  representing  the  blood  of  the  renal  artery,  so 
far  as  its  urea  concentration  is  concerned.  If  the  rate  of  flow  of  urine 
and  the  rate  of  urea  excretion  from  the  same  kidney  are  measured 
over  the  period  during  which  these  blood  samples  are  being  collected, 
all  the  data  are  at  hand  for  the  calculation  of  the  rate  of  blood  flow 
through  the  organ.  But  in  rabbits  even  this  relatively  minor  degree 
of  manipulation  was  sufficient,  in  our  hands  at  least,  to  cause  a  cessa- 
tion of  the  flow  of  urine.  In  cats  under  the  influence  of  powerful 
diuretics  measurements  were  made,  but  we  cannot  place  any  reliance 
on  them  from  the  point  of  view  of  either  normal  blood  flow  or  normal 
renal  function. 

An  endeavor  was  later  made  to  obtain  blood  from  the  renal  vein  so 
quickly  that  the  decrease  in  its  urea  content  as  compared  with  that  of 
the  general  circulation,  might  be  taken  as  indicating  the  degree  to 
which  the  urea  excreting  activity  of  the  undisturbed  kidney  had 
reduced  the  urea  concentration  of  the  blood  during  its  passage  through 
the  renal  tissues.  After  a  little  practice  it  was  found  that  after  a 
wide  and  rapid  incision  through  the  flank,  the  left  renal  vein  could  be 
snipped  with  scissors  and  a  sample  of  blood  collected  within  a  very 
short  space  of  time,  and  without  touching  the  kidney.  In  seventeen 
of  these  experiments  (6)  less  urea  was  found  in  the  blood  of  the  renal 
vein  than  in  the  blood  of  the  renal  artery  or  jugular  vein,  but  the 
average  decrease  amounted  to  only  7.4  per  cent  of  the  urea  concentra- 
tion of  the  general  blood  stream.  Since  then  the  kidney  received  a 
much  larger  amount  of  urea  than  it  eliminated,  it  would  seem  probable 
that  physiological  variations  in  the  volume  of  blood  passing  through  it 
would  have  little  if  any  effect  on  the  rate  of  urea  excretion.  This  argu- 
ment, of  course,  is  not  conclusive  since  we  can  never  be  sure  that 
operative   procedures   leave   kidney   function   undisturbed,    however 
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quickly  they  arc  carried  out.  Yet  it  is  not  negligible  when  direct 
evidence  is  so  difficult  to  secure. 

It  is  an  undisputed  fact  that  an  extreme  reduction  in  the  blood  sup- 
ply to  the  kidney  is  followed  by  a  cessation  of  function.  This  effect, 
however,  is  more  probably  due  to  a  reduction  in  oxygen  supply  than 
to  a  decrease  in  the  amount  of  urinary  constituents  brought  to  the 
kidney.  But  the  oxygen  concentration  in  the  blood  may  be  markedly 
reduced  without  interfering  with  renal  function.  We  had  commenced 
observations  on  the  urea  secreting  capacity  under  strain  in  rabbits 
rendered  anemic  by  the  withdrawal  of  large  amounts  of  blood  while 
the  function  was  being  measured.  We  hope  at  some  future  date  to  lie 
able  to  continue  these  experiments,  but  so  far  as  we  went  we  did  not 
find  any  significant  alteration  in  the  ratio  even  when  the  hemoglobin 
percentage  fell  below  40  per  cent.  We  believe,  therefore,  that  the 
kidney  is  supplied  with  an  excess  of  both  urea  and  oxygen  and  that 
such  variations  in  the  total  amounts  of  these  substances  passing  through 
the  kidney  as  occur  with  changes  in  the  rate  of  blow!  flow  through  it 
will  not  appreciably  alter  the  state  of  its  functional  activity,  so  long  its 
these  amounts  exceed  a  certain  critical  minimum.  We  regard,  then, 
the  total  volume  of  blood  supplied  to  the  kidney  over  any  given  period 
as  a  factor  analogous  to  the  total  mass  of  renal  tissue  (7).  Both  are 
ordinarily  merely  potential  factors  which  become  operative  as  direct 
determinants  of  function  only  under  exceptional  and  extreme  conditions. 

There  remains  the  quest  ion  as  to  the  hearing  of  the  t  henry  of  a  direct 
regulation  of  renal  secretion  through  the  nervous  system  and  of  the 
subsidiary  hypothesis  of  an  adrenin  pit  nit r  in  balance,  on  the  observed 
facts  in  regard  to  kidney  function  which  were  detailed  in  the  first  three 
papers  of  this  series. 

Certain  of  these  phenomena— the  variation  in  rates  measured  nt  the 
same  blood  urea  concentration,  the  increase  in  the  activity  of  the 
kidney  under  increasing  strain  and  the  decrease  in  variability  with 
increase  in  strain  were  observed  in  man  as  well  as  in  the  rabbit.  No 
discussion  is  required  to  show  that  they  are  just  such  phenomena  as 
might  lw  expected  to  occur  in  the  function  of  any  organ  under  the 
inflmncc  of  the  nervous  system.  Their  relation  to  the  hypothesis  of 
an  adrenin  pitilitrin  balance  in  the  blood  has  liecil  dealt  with  else- 
where <S). 

Bui  there  an  still  two  characteristics  of  normal  kidney  function, 
one  peculiar  to  the  rabbit  the  gradual  increase  in  the  urea  excreting 
capacity  during  siicce— ive  observation*   I  ill     and  the  other  the  rela- 
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tionship  between  water  administration  and  states  of  activity  in  urea 
excretion,  which  we  have  noted  but  have  not  hitherto  attempted  to 
explain.' 

There  was  nothing  in  the  observations  we  carried  out  on  man  to 
lead  us  to  expect  any  increase  in  the  rate  of  urea  excretion  in  consecu- 
tive observations  on  rabbits  whose  blood  concentration  remained  con- 
stant, and  no  explanation  suggested  itself  until  we  had  commenced 
the  work  with  adrenalin.  It  then  occurred  to  us  that  a  difference 
between  the  conditions  of  our  experiments  on  man  and  on  the  rabbit 
may  have  been  responsible  for  this  striking  divergence  in  the  behavior 
of  the  kidney.  In  man  there  was  no  catheterization  and  by  using 
sharp  needles  even  minor  degrees  of  discomfort  were  avoided  in  obtain- 
ing the  blood.  The  subjects  were  instructors  and  students  who  were 
in  no  anxiety  at  the  prospect  of  being  bled.  In  the  rabbits,  on  the 
other  hand,  there  was  a  series  of  nine  manipulations  over  a  period  of 
five  hours  commencing  with  the  passage  of  the  stomach  tube,  against 
which  they  usually  struggled  violently,  and  often  involving,  in  the 
catheterizations,  a  certain  amount  of  trauma  on  account  of  the  com- 
pression over  the  bladder  and  the  repeated  rotations  and  partial  with- 
drawals and  reintroductions  of  the  catheter,  employed  in  the  endeavor 
to  make  sure  that  the  urine  or  wash  water  had  been  removed  as  com- 
pletely as  possible.  These  differences  in  the  external  conditions  in 
the  experiments  on  man  and  on  the  rabbit  induced  a  difference  in  the 
internal  conditions  also,  for  while  in  the  one  case  the  subjects  were 
undisturbed,  in  the  other  they  were  much  excited. 

The  influence  of  excitement  on  the  rate  of  secretion  of  adrenalin  is 
still  under  discussion,  for  Stewart  and  Rogoff  (10)  have  not  found  the 
increase  which  Camion  and  others  (11)  observed.  But  some  recent 
measurements  of  Bedford  (12)  happen  to  parallel  closely  the  time  in- 
terval relations  of  our  experiments.  He  produced  shock  in  anaes- 
thetized animals  and  determined  the  concentration  of  adrenalin  in 
the  blood  of  the  suprarenal  vein  in  successive  samples  drawn  at  inter- 
vals over  a  period  of  several  hours.  It  was  found  that  the  concentra- 
tion of  adrenalin  did  not  at  once  rise  to  a  high  level  but  only  gradually 
increased  so  that  the  maximum  was  not  reached  for  several  hours. 
The  increase,  though  slow,  was  pronounced.  Thus  in  one  case  there 
was  over  thirty  times  more  adrenalin  at  the  end  than  at  the  commence- 
ment of  the  experiment.  Now  it  will  be  remembered  that  the  increase 
in  the  activity  of  the  kidney  in  our  experiments  is  also  gradual  and 
does  not  approach  its  highest  point  until  after  three  or  four  hours. 
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When  this  concordance  between  the  time  required  for  the  suprarenal 
glands  to  markedly  increase  their  adrenin  putput  and  the  time  at  which 
the  rabbit's  kidney  shows  its  greatest  activity  during  a  period  of  con* 
tinued  excitement,  is  taken  in  conjunction  with  the  fact  that  the  subcu- 
taneous injection  of  adrenalin  accentuates  the  degree  of  increase  in 
activity  but  does  not  otherwise  alter  the  mode  of  action  of  the  kidney, 
there  seems  to  be  reason  for  the  supposition  that  this  increased  activity 
of  the  kidney  of  the  rabbit  under  these  conditions  is  associated  with 
and  is  intensified  by  an  increase  in  the  adrenin  content  of  the  blood 
arising  under  the  influence  of  the  physiological  stimulus  of  excitement. 

The  only  other  observation  whose  bearing  on  our  hypothesis  remains 
to  be  discussed,  is  the  relation  between  water  administration  and  renal 
activity  in  the  excretion  of  urea.  We  have  not  given  any  details  of 
the  influence  of  adrenalin  and  of  pituitrin  on  the  excretion  of  water, 
partly  because  it  has  been  already  described  by  others,  (13),  (14), 
but  mainly  because  we  have  not  the  data  which  are  necessary  to  decide 
whether  or  not  the  changes  they  induce  in  water  excretion  arise  from 
alterations  in  renal  activity.  It  is  evident  that  the  mere  observation 
that  the  output  of  a  urinary  constituent  is  altered  by  adrenalin  and 
pituitrin  does  not  in  itself  prove  that  any  change  in  the  activity  of  the 
kidney  has  occurred.  For  the  kidney  may  have  maintained  its  accus- 
tomed mode  of  reaction  and  the  altered  output  be  the  result  of  its 
passive  adjustment  to  changes  in  the  concentration  of  that  constit- 
uent in  the  blood.  It  is  only  for  the  urea  excreting  function  that  we 
have  excluded  this  possibility.  Yet  we  believe  it  is  highly  probable 
that  it  will  l>e  found  that  all  the  various  activities  of  the  kidney  are 
stimulated  by  adrenalin  and  depressed  by  pituitrin  and  that  the  in- 
crease in  the  volume  of  urine  after  adrenalin  and  it«  decrease  after 
pituitrin  is,  in  the  main  at  least,  caused  by  alterations  in  renal  activity 
and  not  by  changes  in  the  water  content  of  the  blood.  We  refer  to 
thi*  question  now  tx-cause  in  studying  the  effei  t  of  the  administration 
of  varying  amounts  of  water  on  urea  excretion,  we  ol>*ervcd  a  curious 
divergence  in  its  influence  under  different  conditions. 

Our  first  exiM-i  intents  on  the  effect  of  water  were  carried  out  with  a 
view  to  determining  whether  the  changed  action  of  the  kidney  in  excre- 
ting urea  after  adrenalin  and  pituitrin  might  not  be  a  secondary  result 
of  the  concomitant  change  in  urine  volume.  But  when  we  gave  100 
cc.  of  water  so  that  the  volume  of  urine  was  increased  to  a  degree 
approximating  that  obtained  after  adrenalin,  there  was  no  increase  in 
the  urea  excreting  function   nor  any  appreciable  decrease  when  the 
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volume  of  urine  was  lowered  to  amounts  equivalent  to  those  obtained 
after  pituitrin  by  the  administration  of  magnesium  sulphate  by  mouth. 
This  early  result  indicated  that  urea  and  water  effects  were  independ- 
ent and  forecast  our  later  conclusion  that  there  was  no  causal  relation 
between  variations  in  urine  volume  and  variations  in  renal  capacity 
for  urea  excretion.  In  this  particular  instance,  therefore,  in  which 
moderate  quantities  of  water  were  given,  there  was  no  accompanying 
change  in  the  activity  of  the  kidney  for  urea  excretion. 

We  have  elsewhere  (15)  referred  to  other  experiments,  carried  out  on 
man,  in  which  the  drinking  of  very  large  quantities  of  water  was  asso- 
ciated with  a  constant  acceleration  of  the  work  of  the  kidney  in  excret- 
ing urea.  In  these  experiments  the  subject  drank  1000  cc.  of  water 
and  thereafter  every  quarter  or  half  hour  amounts  of  water  equivalent 
to  the  volume  of  urine  excreted.  In  this  way  the  water  excreted  was 
continually  returned  so  that  the  water  content  of  the  body  was  for  a 
period  of  several  hours  kept  much  higher  than  it  normally  would  have 
been.  The  rate  of  water  excretion  gradually  increased  until  enormous 
quantities  were  being  eliminated,  amounting  in  some  cases  to  a  24 
hour  rate  of  over  20,000  cc.  Under  these  conditions,  there  was  a  very 
definite  increase  in  the  rate  of  urea  excretion,  though  there  was  no 
significant  change  in  the  level  of  the  blood  urea  concentration.  We 
therefore  concluded  that  in  this  instance,  in  which  very  large  quantities 
of  water  had  been  given,  some  unknown  factor  had  produced  an  in- 
crease in  the  urea  excreting  activity  of  the  kidney.  The  nature  of  this 
factor  was  left  undetermined  but  we  decided  it  was  not  the  increased 
water  content  of  the  blood  because  there  was  no  constant  relation 
between  the  amounts  of  water  eliminated  and  the  degree  of  increase 
over  the  normal  in  the  rate  of  urea  excretion. 

The  third  instance  in  which  the  giving  of  water  was  accompanied 
by  the  reverse  effect,  i.e.,  by  a  decrease  in  urea  excreting  activity, 
was  found  in  some  experiments  on  rabbits.  A  double  set  of  seventeen 
observations  were  made  on  a  group  of  ten  rabbits,  with  and  without 
the  administration  of  25  cc.  of  water  by  stomach  tube.  The  averages 
are  given  in  table  4  and  charted  in  figure  4. 

We  were  at  first  glance  inclined  to  think  that  the  decrease  in  the 
ratios  in  the  water  experiments  was  due  to  chance,  for  the  actual  dif- 
ferences are  not  great.  But  they  are  in  the  same  direction  in  each 
period  and  calculation  from  the  probable  differences  of  the  averages 
of  the  ratios  shows  that  there  is  only  about  one  chance  in  one  hundred 
and  seventy  that  this  was  a  chanre  variation.     We  were  therefore 
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forced  to  conclude  that  the  giving  of  relatively  small  amounts  of  water 
to  rabbits  was  accompanied  by  a  decrease  in  the  urea  excreting  ac- 
tivity of  the  kidney  due  to  the  operation  of  some  unknown  factor. 
In  our  view  the  reason  for  both  the  increase  in  kidney  activity  after 
water  administration  in  man  and  the  decrease  which  occurred  in  the 
experiments  on  the  rabbit  is  to  be  found  in  a  consideration  of  the 
divergent  effect  of  the  water,  not  on  the  kidney  alone  but  on  the  body 
as  a  whole. 

In  the  experiments  on  man  we  continually  nullified  the  work  of  the 
kidney  by  pouring  back  the  water  which  it  had  eliminated.  We  thus 
tended  to  produce  an  artificial  enrichment  of  the  organism  with  water 
and  the  kidney  made  greater  and  ever  greater  efforts  in  preventing  a 
harmful  disturbance  in  the  osmotic  equilibrium  of  the  tissues.  We 
believe  that  the  diuresis  which  occurred  was  greater  than  could  be  ac- 
counted for  mechanically  through  the  increase  in  the  free  water  of  the 
blood,  and  that  the  unknown  factor  which  stimulated  the  kidney  to  these 
more  than  wonted  exertions  was  the  accelerating  influence  of  nerve  im- 
pulses aided  by  an  increase  in  the  relative  proportion  of  the  adrenin 
as  compared  with  the  pituitrin  of  the  blood.  The  indication  of  the 
operation  of  this  factor  is  the  increased  activity  in  the  excretion  of  urea. 

In  the  experiments  on  the  rabbit  no  excessive  amount  of  water  was 
given.  A  quantity  of  26  cc.  no  doubt  seems  a  large  amount  for  a 
rabbit,  and  in  proportion  to  the  body  weight  may  be  regarded  as  equiv- 
alent to  about  750  cc.  for  a  man.  But  quantities  are  large  or  small 
only  in  relation  to  the  requirements  of  the  tissues,  and  in  these  rabbits 
the  need  of  the  body  for  water  was  great  since  they  had  received  no 
food  or  water  for  at  least  seventeen  hours  before  the  experiment  began. 
But  this  water  introduced  into  the  gastrointestinal  tract  could  only 
reach  the  tissues  through  the  blood  stream  and  in  doing  so  would 
increase  the  concentration  of  free  water  in  the  blood.  The  unregulated 
kidney  must  automatically  respond  to  this  stimulus  and  an  undue 
proportion  of  the  needed  water  would  have  been  lost  to  the  body. 
We  believe,  therefore,  that  when  food  and  water  are  withhe'd  there  is 
a  purposeful  adaption  of  kidney  function  through  a  re'ative  increase 
in  the  pituitrin  as  compared  with  the  adrenin  content  of  the  blood,  and 
that  the  decrease  in  the  activity  of  the  urea  excreting  function  is  only 
one  example  of  a  general  state  existing  in  all  the  departments  of  renal 
function.  This  regulation  is,  of  course,  not  peculiar  to  the  rabbit. 
We  have  elsewhere  cited  instances  of  the  decrease  in  function  in  man 
which  occurs  after  periods  of  attention  from  food  and  water  (16). 
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These  explanations  of  our  results  have  only  a  hypothetical  value. 
For  we  have  not  demonstrated  any  change  in  the  adrenin  pituitrin 
balance,  and  we  have  only  assumed  that  the  excretion  of  water  re- 
sembles the  excretion  of  urea  in  varying  in  a  manner  which  cannot  be 
fully  accounted  for  by  changes  in  the  water  content  of  the  blood. 
Until  some  method  is  devised  by  which  the  adrenin  and  pituitrin  con- 
tent of  the  blood  reaching  the  kidney  can  be  determined,  and  until 
the  water  in  the  blood  available  for  excretion  can  be  measured,  these 
assumptions  must  remain  untested  by  experiment 

The  question  of  the  exact  mechanism  whereby  the  kidney  is  regu- 
lated is  therefore  not  definitely  decided  by  these  experiments.  We 
should  indeed  be  quite  prepared  to  find  that  changes  in  the  adrenin- 
pituitrin  balance  are  only  operative  in  times  of  emergency  as  adjuvants 
to  the  direct  nervous  control.  The  fact  that  all  the  nerves  going  to 
the  kidney  may  be  cut  and  that  the  kidney  may  even  be  transplanted 
on  to  the  splenic  vessels  and  yet  continue  to  function  "norma'ly" 
(17)  does  not  exclude  this  possibility.  Our  criterions  of  normality  are 
still  too  vague. 

The  question  which  is  decided  is  that  there  is  a  regulation  in  addition 
to,  and  distinct  from,  the  mechanical  regulation  arising  from  the  passive 
adjustment  of  the  kidney  to  changes  in  the  concentration  of  urinary 
constituents  in  the  blood.  And  still  more  important  is  the  demonstra- 
tion that  this  higher  regulation  may  annul  or  overrule  the  influence 
of  physical  and  chemical  factors  in  the  environment  of  the  kidney,  in 
order  that  the  requirements  of  the  body  as  a  whole  may  be  met.  The 
kidney  can  not  be  regarded  as  an  isolated  mechanism.  It  is  coordi- 
nated in  those  active  adaptions  which  continuously  maintain  the 
harmonious  equilibrium  of  the  living  organism. 

CONCLUSIONS 

1.  The  subcutaneous  injection  of  amounts  of  adrenalin  which  in- 
crease the  urea  excreting  activity  of  the  kidney,  and  of  amounts  of 
pituitrin  which  depress  that  activity,  have  no  effect  when  they  are 
injected  together  in  a  certain  balanced  proportion. 

2.  All  grades  of  stimulation  or  depression  may  be  induced  by  the 
injection  of  mixtures  of  adrenalin  and  pituitrin  in  which  this  balance 
is  deflected  by  a  preponderance  of  one  or  the  other. 

3.  In  the  rabbit  the  removal  of  both  suprarenal  glands  is  followed 
by  a  depression  of  the  urea  excreting  activity  of  the  kidney,  which  is 
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greater  than  that  which  follows  similar  operations  in  which  the  supra- 
renals  are  not  removed. 

4.  The  facta  in  regard  to  urea  excretion  given  in  these  and  other 
papers  are  reviewed  and  from  them  the  conclusion  is  reached  that 
under  physiological  conditions  the  urea  excreting  activity  of  the  kidney 
is  determined  by  two  main  factors.  There  is  a  fixed  and  mechanical 
regulation  through  the  urea  concentration  of  tbe  blood  but  there  is 
also  another  and  overruling  type  of  regulation  which  acts  through  the 
medium  of  the  central  nervous  system. 

5.  The  mode  of  action  of  the  regulation  through  the  nervous  system 
is  discussed  and  it  is  suggested  that  variations  in  the  balance  between 
the  rates  of  secretion  of  active  principles  from  the  suprarenal  and 
pituitary  glands  may  play  n  part  in  the  mechanism  through  which  it 
acts. 
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INTRODUCTION 

A  method  has  been  recently  suggested  by  Henderson  and  Prince  (1) 
for  the  determination  of  the  CO)  tension  of  the  "venous  pulmonary 
air"  and  attention  called  to  the  importance  of  this  determination. 
Christiansen,  Douglas  and  Haldane  (2)  have  also  described  a  method 
for  the  determination  of  this  function  based  on  the  use  of  the  lungs  as 
an  aerotonometer.  They  found  that  the  CO,  pressure  in  the  mixed 
venous  air  could  not  be  obtained  by  holding  the  breath  for  the  reason 
that  the  alveolar  CO,  pressure  continues  to  rise  with  the  length  of  time 
that  the  breath  is  held,  there  being  no  pause  to  indicate  when  the  CO, 
in  the  alveolar  air  is  in  equilibrium  with  that  of  the  venous  blood. 
Their  method  is  briefly  as  follows:  After  a  maximal  expiration  a  maxi- 
mal inspiration  of  a  mixture  of  CO,  and  air  is  made  and  the  gas  mix- 
ture held  in  the  lungs  for  a  few  seconds,  and  then  exhaled  and  an 
alveolar  sample  analyzed  for  CO).  After  a  further  interval  another, 
and  sometimes  a  third,  alveolar  sample  is  taken  and  analyzed.  From 
the  increase  or  decrease  of  CO,  in  the  mixture  after  inhalation  the 
venous  CO,  pressure  is  inferred,  after  correction  for  the  influence  of 
oxygenation  in  the  lungs. 

Boothby  and  Sandiford  (3)  also  used  the  aerotonometric  method  to 
determine  the  CO,  tension  in  the  venous  blood.  Their  method  is  a 
modified  form  of  that  of  Christiansen,  Douglas  and  Haldane.  After 
a  mixture  of  CO,,  air  and  O,  is  inspired,  it  is  held  for  about  five  seconds 
and  then  an  expiration  to  the  mid-level  made  for  the  first  alveolar 
sample,  after  which  the  breath  is  held  for  as  long  as  possible  and  a 
maximal  expiration  made  and  the  second  alveolar  sample  taken. 
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In  an  earlier  paper  Boothby  (4)  calculated  the  venous  Cd  tension 
by  the  nitrous  oxide  method,  from  the  consumption  of  Oi,  the  flow 
of  blood  through  the  lungs,  the  respiratory  quotient  and  the  percentage 
saturation  of  the  Hb. 

Wardlaw  (5)  has  recently  studied  in  detail  the  rise  in  COt  tension 
of  the  air  in  the  lungs  when  the  breath  was  held  for  various  periods  of 
time  and  when  the  air  was  rebreathed  from  a  bag.  In  the  case  of 
holding  the  breath  he  found  that  as  the  length  of  time  increased  the 
alveolar  C()»  tension  rose  at  a  continually  decreasing  rate  for  almut 
30  seconds,  the  alveolar  tension  l>eing  an  exponential  function  of  the 
period  for  which  the  breath  was  held,  and  that  when  the  breath  was 
held  for  a  long  enough  period  the  CO,  tension  gave  indications  of 
attaining  a  certain  fixed  value,  (48.5  mm.  Hg.). 

When  the  same  air  was  rebreathed  Wardlaw  found  again  that  the 
alveolar  COj  tension  rose  at  a  continually  decreasing  rate,  reaching  a 
final  value  of  alwut  5*5.5  mm.  Hg.  During  the  first  five  seconds  the 
COj  tensions  rose  by  practically  the  same  amount  as  when  the  breath 
was  held,  but  between  the  25th  and  30th  seconds  the  rise  was  about 
three  times  as  great  as  when  the  breath  was  held.  Furthermore,  the 
total  rise  in  the  alveolar  ('<),  tension  in  35  seconds  was  nearly  40  per 
cent  greater  than  the  rjse  occurring  in  the  same  period  when  the  breath 
was  simply  held,  the  alveolar  tension  licing  again  an  exponential  func- 
tion of  the  period  for  which  the  contents  of  the  lungs  arc  rebreathed. 

The  rate  of  gaseous  exchange  in  the  alveolar  air  is  therefore  about 
twice  as  great  when  the  movements  of  breathing  are  performed  as 
when  the  breath  is  held  under  normal  pressure.  The  cause  of  this 
greater  increase  Wardlaw  does  not  believe  to  be  due  to  a  slowing  up 
of  the  circulation  during  the  time  that  the  breath  is  held,  for  by  com- 
paring the  effect  on  the  gaseous  exchange  of  one  respiratory  movement 
in  20  seconds  and  of  three  in  the  same  period  with  that  occurring  when 
the  breath  is  held,  he  found  that  the  increase  in  ('<>,  was  the  same 
whether  one  or  three  movements  were  made.  Also  he  whs  led  to  eon- 
elude  that  the  increase  in  the  respiratory  exchange  in  a  given  time  was 
independent  of  the  extent  of  the  respiratory  movements;  for  he  again 
obtained  the  same  increase  when  four  respiratory  efforts  with  the 
pharynx  closed  were  made  as  when  one  or  three  normal  respiratory 
movcment!i  were  made  in  the  same  |>criod. 

Wardlaw  bImi  coiieludc-d  from  e\|srimenfil  evidence  that  holding 
the  breath   under  im-rca-ed   pre--urc  due*,  not   affect    the  ga-tcous  ex- 
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change.  On  the  other  hand,  holding  the  breath  under  negative  pres- 
sures he  found  to  increase  it  to  such  an  extent  that  when  the  breath 
was  held  under  pressures  of  more  than  — 10  mm.  Hg.  the  same  accelera- 
tion in  the  rate  of  the  gaseous  exchange  took  place  as  when  the  air 
was  rebreathed  from  a  closed  bag.  He  therefore  concludes  that  the 
respiratory  exchange  is  accelerated  during  breathing  owing  to  the 
existence  of  negative  pressure  in  the  chest  during  the  act  of  inspiration. 
It  is  difficult  to  reconcile  this  conclusion  with  the  results  of  the  com- 
parison of  the  rate  of  gaseous  exchange  made  by  Ward  law  when  one 
and  three  respiratory  movements  are  made  in  20  seconds;  for,  if  by 
one  respiratory  movement  is  meant  an  inspiration  lasting  for  20  sec- 
onds (which  is  improbable)  then,  if  the  increase  in  the  gaseous  exchange 
is  due  to  the  negative  pressure,  the  CO*  tension  should  be  greater  than 
when  three  respiratory  movements  are  made  in  20  seconds,  since  the 
time  during  which  a  negative  pressure  exists  is  shorter  in  the  latter 
case.  If  by  one  respiratory  movement  in  20  seconds  is  meant  an 
inspiration  lasting  10  seconds  and  an  expiration  lasting  10  seconds, 
than  a  negative  pressure  will  exist  for  an  equal  length  of  time  in  the 
two'  cases.  But  if  by  one  respiratory  movement  is  meant  an  inspira- 
tion of  usual  duration,  followed,  after  20  seconds,  during  which  time 
the  breath  is  simply  held,  by  an  expiration,  than  a  negative  pressure 
would  exist  in  the  lungs  a  shorter  length  of  time  than  when  three  respi- 
ratory movements  are  made  in  the  same  period.  This  would  also  be 
true  when  the  respiratory  movements  were  made  with  the  pharynx 
closed,  since  during  the  time  that  the  expiratory  efforts  were  being 
made  the  pressure  would  be  positive,  and  therefore  the  rate  of  exchange 
would  be  slowed  up,  as  compared  with  the  rate  during  the  time  that 
the  pressure  was  negative,  that  is,  during  the  actual  inspiration. 

THE  RISE  OF  CO«  TENSION  IN  THE  LUNGS  IN  HELD  AND  REBREATHED  AIR 

In  connection  with  the  study  of  the  circulation  rate  it  was  suggested 
to  me  by  Prof.  Yandell  Henderson  that  it  would  be  well  to  make  a 
detailed  study  of  the  changes  in  the  COj  tension  of  held  and  rebreathed 
air  along  the  lines  followed  by  Wardlaw,  and  to  check  up  the  determi- 
nation of  the  venous  COa  tension  by  the  method  suggested  by  Hender- 
son and  Prince. 

This  most  simple  method  of  determining  the  venous  C02  tension 
consists  briefly  in  intermittent,  as  contrasted  with  continuous,  rebreath- 
ing.    After  a  sudden  inspiration  a  quick  and  deep  expiration  is  made 
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into  a  rubber  bag  and  the  CO,  tension  of  thia  "mixed  air"  determined 
by  analysis.  After  a  sufficiently  long  interval  to  allow  the  respiration 
and  circulation  to  return  to  normal,  the  lungs  are  emptied  as  far  as 
possible  and  the  contents  of  the  bag  inhaled,  the  breath  held  for  a 
few  seconds  and  the  air  then  exhaled  deeply  into  the  bag  and  its  CO, 
tension  again  determined.  This  intermittent  rebreathing  is  continued 
until  after  successive  rebreathings  a  constant  CO*  tension  is  found 
upon  analysis.  This  takes  place  usually,  when  the  subject  is  at  rest, 
after  the  fifth  to  the  sixth  inhalation. 

In  alt  of  the  experiments  which  are  described  below,  on  holding  the 
breath  and  rebreathing  air  this  method  of  Henderson  and  Prince  was 
employed  to  obtain  the  first  gas  mixture  wherewith  to  begin.  In  this 
way  an  experimental  starting  point  was  obtained  in  that,  by  analysis 
of  the  expired  air,  a  known  CO,  tension  was  begun  with.  Also  the 
percentage  of  increase  can  then  be  calculated.  The  CO,  tension  of 
the  air  obtained  in  this  way  was  found  to  vary  between  3.25  and  4 
per  cent. 

The  greater  increase  described  by  Wardlaw  in  CO,  tension  when  air 
is  rebreathed  as  compared  with  that  obtained  when  air  is  held  in  the 
lungs  has  been  corroborated.  The  increase  in  the  CO,  tension  when 
the  breath  is  held  is  shown  in  table  I  and  figure  1.  The  tension  of  the 
CO,  continues  to  increase  with  the  length  of  time  that  the  breath  is 
held,  but  at  a  decreasing  rate,  until  an  apparent  maximum  is  reached 
as  indicated  by  the  percentage  of  increase.  It  is  impossible  for  mc  to 
hold  my  breath,  under  the  conditions  of  the  experiment,  for  longer 
than  about  50  seconds. 

Results  obtained  when  air  is  rebreathed  are  shown  in  table  2  and 
figure  I.  Here  again  the  CO,  pressure  continues  to  rise  at  a  decreasing 
rate  with  the  length  of  time  that  the  air  is  rebreathed  and  attains  also 
an  apparent  maximum.  The  rate  of  increase,  however,  is  more  rapid 
and  the  final  tension  attained  higher  when  the  air  is  rebreathed  than 
when  it  is  held.  It  is  impossible  for  me  to  continue  rebreathing,  under 
the  conditions  of  the  experiment,  for  longer  than  72  seconds,  (12  re- 
breathings).  The  maximum  CO,  tension  seems  to  he  approximately 
attained  after  the  9th  rebreathing  (54  seconds). 

This  comparison  therefore  between  the  rate  of  CO,  tension  increase 
and  the  final  tension  attained  after  holding  the  breath  and  rebreathing 
the  same  air,  gives  results  which  are  essentially  similar  to  those  of 
Wardlaw.  When  the  air  is  rebreathed  the  tension  of  CO,  rises  more 
rapidly  and  attains  a  higher  value  than  when  the  breath  is  held.     After 
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30  seconds  for  example,  there  is  an  average  percentage  increase  of  178 
when  the  air  is  rebreatbed  as  compared  with  one  of  162  when  the  breath 
is  merely  held. 

table  t 

The  influence  of  holding  the  breath  on  the  COi  tension 
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Fig.  1.  The  influence  of  holding  the  breath  (lower  curve)  and  of  rebreathing 
(upper  curve)  on  the  rise  of  CO,  tension  in  the  lungs. 

A  series  of  experiments,  along  the  same  lines  that  Wardlaw  followed 
was  next  made  to  determine  the  cause  of  the  greater  and  more  rapid 
increase  in  CO>  tension  when  the  air  is  rebreathed  than  when  it  is 
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held.     This  involved  in  the  first  place  the  investigation  of  the  effect 
of  varying  the  number  of  respirations  in  unit  time. 

Table  3  shown  the  results  obtained  for  10,  20  and  30  seconds.  In 
general  it  may  be  said  that  increasing  the  number  of  respirations  in 
unit  time  increases  the  tension  of  OOj  in  the  rebreathed  air.  In  the 
case  of  10  seconds  this  fact  does  not  come  out  so  clearly.  But  another 
significant  fact,  which  will  be  referred  to  later,  (see  tables  6  and  7), 
is  noted ;  this  is  that  holding  the  breath  for  10  seconds  and  inspiring  it 
for  5  seconds  and  expiring  it  for  5  seconds  results  in  about  the  same 
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TABLE  7 
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percentage  increase  of  ( '( ),.  This  is  also  seen  in  the  case  of  20  seconds, 
when-  inspiring  for  10  seconds  and  expiring  for  10  seconds  results  in 
alxiut  the  same  increase  as  holding  the  breath  for  20  seconds, 

Wardlaw  obtained  the  same  percentage  of  ('<>»  increase  over  that 
found  after  holding  the  breath,   when  one  respiratory  movement  in 


20  seconds  was  made  as  when  three  wer 
agree  with  this.  In  the  first  place,  one 
or  20  seconds)  in  which  the  inspiratory 
have  a  duration  of  one-half  of  the  whole  pi' 
which  is  nlxiut  the  same  in  when  the  b 
whole  period.  And  in  the  second  place,  til 
does  influence  the  percentage  of  ('<>,  as  seen  I 
when  two  or  more  movements  are  made. 


made.  My  results  do 
■spirit ton*  movement  tin  10 
mil  expiratory  portion  each 
iod,  results  in  a  <  'I  >,  increase 
eath  is  simply  held  for  the 
liter  of  respiratioiH 
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TABLE  3 
The  effect  of  varying  the  number  of  reepiratary  movetnents  in  ut, 
of  COi  tension 
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The  explanation  of  the  approximate  same  percentage  or  inctease  of 
COt  when  the  air  is  inspired  for  5  or  10  seconds  and  then  expired  for 
an  equal  length  of  time,  as  when  the  breath  is  held  for  the  whole 
time,  is  probably  due  to  the  longer  duration  of  the  negative  pressure 
during  the  inspiration,  which  results  in  accelerating  the  rate  of  the 
CO»  exchange.  Probably  also  the  blood  stream  is  retarded  while  the 
breath  is  held  and  therefore  less  CO»  is  exchanged  during  the  period 
although  it  is  a  longer  time.  It  would  seem  that  the  CO,  exchange 
takes  place  for  the  greater  part  during  the  actual  inspiration  of  the 
air,  that  is,  during  the  time  that  there  is  a  negative  intra-pulmonic 
pressure  which,  when  the  breath  is  quickly  inspired  and  then  held, 
is  relatively  short, — since  the  negative  intra-pulmonic  pressure  quickly 
rises  to  atmospheric  after  inspiration — as  compared  with  that  existing 
when  the  actual  act  of  inspiring  the  air  lasts  for  5  or  10  seconds. 

The  hindrance  to  the  circulation  during  the  period  that  the  breath 
is  held  must  play  an  important  part,  although  Wardlaw  does  not  admit 
that  it  does.  Hill  and  Flack  (6)  also  found  a  lower  tension  of  COt 
after  holding  the  breath  for  a  certain  period  than  when  the  air  was 
rehreathed.  They  explain  this  as  being  due  to  a  mechanical  obstruc- 
tion of  the  circulation.  Douglas  and  Haldane  (7)  also  think  that  there 
is  a  slight  circulatory  block  when  the  breathing  is  suspended.  The 
findings  of  Ehcrt  (8),  contrary  to  the  opinion  of  Wardlaw,  do  not 
seem  to  me  to  bear  on  the  particular  point  of  the  retarded  circulation 
during  the  time  the  breath  is  held.  Ebert  found  that  the  flow  of  blood 
through  the  lungs  was  hastened  during  inspiration  and  retarded  during 
expiration. 

If  the  greater  increase  in  carbon  dioxide  tension  with  the  numl>er  of 
respiratory  movements  is  due  to  the  negative  intra-pulmonic  pressures 
during  the  actual  act  of  inspiration  as  Wardlaw  claims,  then  his  results 
on  varying  (he  frequency  of  the  respiratory  movements  and  which  he 
found  not  to  affect  the  increase  in  the  percentage  of  carbon  dioxide 
are  incomprehensible.  For  certainly  the  negative  pressure  exerted 
by  the  inspiratory  portion  of  the  three  respiratory  movements  must 
l>e  approximately  three  times  as  effective  as  that  exerted  by  one  respi- 
ratory movement.  My  results  show  that  the  frequency  of  respiratory 
movement  dors  affect  the  velocity  of  the  carlxm  dioxide  exchange  in 
the  lungs  so  that,  whatever  its  cause,  it  must  art  every  time  a  respira- 
tory movement  is  made. 

The  next  series  of  experiments  consisted  in  investigating  the  effect  of 
varying  the  amplitude  of  the  respiratory  movements  on   the  relative 


d  by  Google 


CARBON   DIOXIDE  TENSION   IN   LUNGS  155 

percentage  of  COj  in  the  rebreathed  air.  The  percentage  of  CO, 
when  the  breath  was  held  was  compared  with  that  found  when  it  was 
freely  rebreathed,  and  with  that  found  when  inspiratory  and  expiratory 
efforts  were  made  with  the  glottis  closed. 

Wardlaw  found  by  this  metjiod  that  the  CO,  of  the  alveolar  air  had 
the  same  tension  when  four  respiratory  efforts  with  the  glottis  closed 
were  made  in  20  seconds  as  when  one  or  three  normal  respiratory 
movements  were  made.  My  results  (see  table  4)  again  differ  in  some 
particulars  with  his.  In  my  experiments  the  air  in  the  bag,  after  its 
COi  tension  had  been  determined  by  analysis,  was  inhaled  quickly 
and  then,  with  the  glottis  closed,  inspiratory  and  expiratory  efforts 
were  made,  each  for  the  stated  number  of  seconds  and  for  the  stated 
number  of  times,  and  then  the  air  quickly  exhaled  into  the  bag  and 
its  COj  percentage  again  determined. 

Rebreathing  the  air,  or  performing  inspiratory  and  expiratory  move- 
ments with  the  glottis  closed,  results  in  about  the  same  increase  in 
CO, — a  little  higher,  probably  due  to  the  air  being  in  the  lungs  and 
air  passages  all  the  time — over  that  obtained  when  the  breath  is  held, 
as  free  rebreathing  does  (Cf.  tables  3  and  4). 

The  number  of  respiratory  movements  in  unit  time  thus  influences 
the  COj  tension  when  the  glottis  is  closed  as  it  does  when  it  is  open. 
The  conclusion  therefore  seems  obvious  that  the  respiratory  move- 
ments, or  rather  the  inspiratory  portions,  hasten  the  rate  of  g 


When  an  act  of  inspiration  or  of  expiration  is  made  with  the  glottis 
closed  the  pressure  in  the  lungs  falls  and  rises  with  the  rarefaction  or 
compression  of  the  contained  air.  Also  at  each  inspiration  there  is, 
due  to  the  increased  negativity  of  intrathoracic  pressure,  an  increase 
in  the  aapiratory  action  and  an  increase  in  the  venous  flow  to  the  right 
heart,  and  consequently  more  blood  thrown  into  the  pulmonary  circu- 
lation. In  rebreathing  into  and  out  of  a  bag,  the  increase  in  the  pul- 
monary circulation  during  inspiration  must  increase  the  velocity  of 
the  gaseous  exchange.  During  expiration  the  decreased  flow  of  blood 
and  the  consequent  retarding  of  the  velocity  of  the  gaseous  exchange 
do  not  play  an  important  part  in  the  comparative  amount  of  CO; 
exchanged  during  rebreathing  and  when  the  breath  is  held,  either 
when  the  air  is  kept  in  the  lungs  by  closing  the  glottis  during  an  expi- 
ratory movement  or  when  the  air  is  blown  out  into  the  bag.  With 
the  next  inspiratory  and  expiratory  movement  the  process  is  repeated. 
We  would  therefore  expect  when  respiratory  movements  are  made 
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with  the  glottis  closed,  just  as  when  the  movements  of  free  rebreathing 
are  performed, back  and  forth  into  a  bag,  that  the  percentage  of  CO, 
in  the  air  would  be  greater  than  when  the  breath  is  simply  held,  because 
of  the  increasing  effect  upon  the  velocity  of  the  gaseous  exchange  of 
the  increased  circulation  or  of  the  negative  intra-pulmonic  pressure 

table  * 
The  efieel  of  varying  the.  depth  of  the  re/piratury  movements  on  the  rite,  of  CO,  Irmion 
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very  deep  respirations  in  25  seconds  was  about  the  same  as  that  ob- 
tained after  16  or  17  shallow  respirations  in  the  same  time.  The  COj 
tension,  however,  was  considerably  greater  than  when  the  breathing 
was  "natural."  It  may  be  stated  here  that  the  COj  tensions  which 
these  authors  give,  (with  the  exception  of  the  value  obtained  with 
five  "natural"  respirations  in  25  seconds)  are  all  quite  high,  and  prob- 
ably represent  the  COs  tension  of  the  "venous  pulmonary  air"  rather 
than  that  of  the  "arterial  pulmonary  air,"  as  Henderson  and  Prince 
have  suggested  the  determinations  by  the  Plesch-Higgins  method  are 
likely  to  do. 

Finally  in  order  to  ascertain  whether  variations  in  intra-pulmonic 
pressure  have  any  effect,  directly  or  indirectly,  upon  the  rate  of  CO2 
exchange  between  the  blood  and  the  air  in  the  lungs,  a  series  of  deter- 
minations of  the  CO]  tension  in  the  air  was  made  after  the  breath  had 
been  held  under  positive  and  negative  pressures.  The  results  are 
shown  in  table  5.  The  CO*  tension  is  the  same  after  the  breath  has 
been  held  for  20  seconds  under  positive  pressures  of  10,  20  or  30  mm. 
Hg.  as  when  it  is  held  under  atmospheric  pressure.  But  when  the 
breath  is  held  under  negative  pressure  the  CO*  tension  shows  a  con- 
siderable increase. 

These  results  are  similar  to  those  obtained  by  Wardlaw.  Up  to 
negative  pressures  of  10  mm.  Hg.  he  found  that  the  increase  in  COi 
tension  was  proportional  to  the  pressure.  Above  this  pressure  the 
increase  in  C02  was  found  to  be  practically  constant  for  all  pressures. 
Wardlaw  obtained  practically  the  same  increase  in  the  rate  of  the 
gaseous  exchange  when  the  breath  was  held  under  pressures  greater 
than  — 10  mm.  Hg.  as  when  the  air  was  rebreathed.  This  fact  he  cites 
as  additional  evidence  that  the  increased  respiratory  exchange  caused 
by  the  movements  of  breathing  is  not  brought  about  by  a  quickening 
of  the  circulation.  Now  if  the  percentage  of  increase  of  COj  when  the 
air  is  rebreathed  three  times  in  20  seconds  is  noted  (see  tables  3  and 
4),  it  is  seen  that  it  is  only  a  little  lower  than  when  the  breath  is  held 
under  negative  pressures  for  the  same  length  of  time  (sec  table  5). 

The  bearing  of  these  and  Wardlaw 's  results  of  a  similar  kind  on 
indicating  that  the  increased  gaseous  exchange  is  not  due  to  a  quicken- 
ing of  the  circulation,  as  Wardlaw  claims,  is  not  clear  to  me.  The  fact, 
which  Wardlaw  apparently  neglects  to  consider,  is  not  that  the  in- 
creased circulation  necessarily  increases  the  rate  of  gaseous  exchange 
but  that  the  decreased  rate  of  circulation,  or  the  diminution  of  the 
blood  volume,  when  the  breath  is  held,  decreases  the  rate  of  gaseous 
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exchange.  During  rebreathing  the  pressure  conditions  approach 
more  nearly  those  holding  under  normal  breathing  where  at  each  inspi- 
ration the  circulation  rate  is  hastened,  and  at  each  expiration,  retarded. 
It  may  be  that  when  the  negative  intrapulmonic  pressure  is  increased 
by  holding  the  breath  under  a  negative  pressure,  the  retarding  effect 
on  the  gaseous  exchange  due  to  the  mechanical  obstruction  to  the  cir- 
culation is  offset  by  the  greater  than  normal  negative  intrapulmonic 
pressure. 

TABLE  I 

Companion  of  the  rite  of  CO,  tension  when  the  breath  it  held  for  M)  eecoruU  under 
atmotpkrric  pressure,  and  under  variou*  poeitive  and  negative  pretiarei 


It  might  be  thought  that  the  higher  tension  of  CO,  after  rebreathing 
air  as  compared  with  the  tension  attained  after  holding  the  breath 
was  due  to  the  influence  of  oxygenation.  But,  as  Wardlaw's  results 
show,  the  oxygen  tension  falls  at  a  more  rapid  rate  than  that  at  which 
the  COi  rises,  and  falls  more  rapidly  when  the  air  is  rebrealhed  than 
when  the  breath  is  held.  Furthermore  when  the  breath  is  held  long 
enough  the  CO,  tension  attains  a  certain  fixed  value  while  the  oxygen 
tension  continues  to  fall  during  the  whole  period  for  which  the  breath 
can  be  held  or  the  air  rehreathed. 
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Hill  and  Flack  found  too  when  the  breath  was  held  that  the  fall  in 
the  percentage  of  oxygen  is  greater  than  the  rise  of  CO».  Also  that 
when  oxygen  is  held  instead  of  air,  the  tension  of  CO*  at  the  breaking 
point  is  raised.  Furthermore  that  when  the  air  is  rebreathed,  the 
CO]  goes  higher  and  the  oxygen  tension  lower  than  when  the  breath 
is  held,  and  again  that  when  oxygen  is  rebreathed  a  much  higher  ten- 
sion of  CO*  is  reached. 

Now  the  higher  tension  of  CO*  reached  when  oxygen  is  held  or  re- 
breathed is  undoubtedly  due  to  the  influence  of  oxygenation  (see  Chris- 
tiansen, Douglas  and  Haldane),  but  it  does  not  follow  that  the  higher 
percentage  of  COj  attained  after  rebreathhig  than  after  holding  the 
breath  is  due  to  the  same  cause,  because  the  oxygen  tension  falls  more 
rapidly  in  the  former  case  and  therefore  the  higher  percentage  of  COi 
could  not  be  due  to  the  forcing  of  COj  out  by  the  higher  tension  of 
oxygen,  but  rather  the  de-oxygenation  of  the  blood  in  the  tissues  would 
help  the  absorption  of  COs  and  diminish  its  rise  of  pressure. 

It  seems  to  me  that  the  results  of  Hill  and  Flack  indicate  clearly 
that  holding  the  breath  produces  some  mechanical  obstruction  to  the 
circulation  by  the  cessation  of  the  respiratory  pump.  In  rebreathing, 
the  blood  is  circulated  more  freely  and  COj  is  therefore  more  quickly, 
and  in  greater  amount,  removed  from  the  tissues  than  when  the  breath 
is  held. 

DETERMINATION  OF  THE  CO*  TENSION  OF  THE  VENOUS  POLMONAHT  AIR 

It  is  evident  from  the  experiments  described  above,  as  well  as  from 
the  work  of  Christiansen,  Douglas  and  Haldane  and  that  of  Wardlaw, 
that  neither  holding  the  breath  nor  rebreathing  air  from  and  into  a 
closed  bag,  yields  CO*  tensions  which  can  be  considered  as  represent- 
ing the  COj  tensions  of  the  venous  pulmonary  air.  They  are  there- 
fore of  no  practical  value  except  in  so  far  as  they  can  be  compared  with 
and  controlled  by  other  methods. 

The  next  point  to  determine  was  whether  the  method  of  Henderson 
and  Prince  gives  results  which  represent  the  CO*  tension  of  the  venous 
pulmonary  air. 

Their  method  contains  two  variations,  viz.,  a,  holding  the  breath 
for  a  certain  number  of  seconds  at  each  successive  intermittent  rebreath- 
ing, and  6,  inspiring  it  for  5  seconds  and  expiring  it  for  5  seconds  every 
time  that  it  is  intermittently  rebreathed.  These  two  methods  have 
been  compared  in  some  detail,  examples  of  the  results  being  shown  in 
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tables  6  and  7.  In  table  6  CO»  tensions  obtained  after  intermittent 
holding  of  the  breath  for  5,  10  and  15  seconds  are  given.  The  Vih  in 
the  air  in  my  lungs  seems  to  !«■  in  equilibrium  with  the  blood  when  its 
tension  reaches  between  6.10  and  6.30  per  cent,  (average  6.24  per  cent. 
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Every  time  that  the  air  in  the  bag  was  rebreathed  it  must  have  been 
diluted  to  a  small  extent  by  the  air  in  the  dead  space  and  to  a  slighter 
extent  by  the  residual  air,  at  least  after  the  percentage  of  CO,  in  the 
rebreathed  air  had  become  greater  than  that  of  the  arterial  pulmonary 
air.  Determination  of  the  CO»  tensions  of  the  alveolar  air,  that  is  the 
last  portions  of  an  expiration  after  the  air  had  been  intermittently 
rebreathed  until  the  CO,  tension  had  become  constant,  by  the  method 
of  Henderson  and  Morriss  (10)  gave,  however,  practically  the  same 
values  for  the  COi  tension  as  analysis  of  the  "mixed  air"  did. 


i — 

- 

/ 

' '/ 

/ 

/ 

/ 

s 

// 

/// 

> 

/ 

1 

NO.  OF    INTtRMH-TKNT     RCBREATNINI1 

Fig.  2.  The  effect  of  intermittent  rebreathing — holding  the  breath — on  the 
rise  of  CO,  tension;  *  when  the  breath  is  held  for  S  seconds,  g  when  the  breath 
is  held  for  10  seconds,  J  when  the  breath  is  held  for  15  seconds. 

Christiansen,  Douglas  and  Haldane  point  out  the  marked  influence 
that  oxygenation  has  upon  the  dissociation  curve  of  CO].  In  the 
lungs  the  amount  of  CO,  given  off  is  increased  by  about  50  per  cent, 
while  in  the  tissues  the  oxygen  reduces  by  about  40  per  cent  the  amount 
of  CO*  given  off  to  the  venous  blood.  The  difference  therefore  between 
the  COi  tensions  of  arterial  and  venous  blood  is  reduced  by  about  40 
per  cent,  and  these  authors  had  to  take  this  into  consideration  in  the 
determination  of  the  venous  CO,  by  their  method.  Boothby  and 
Sandiford  (3)  also  took  care  "that  there  was  sufficient  oxygen  in  the 
mixtures  which  they  held  in  the  lungs  to  insure  complete  saturation  of 
the  Hb.    In  the  method  proposed  by  Henderson  and  Prince  for  the 
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determination  of  the  venous  CO)  tension  the  influence  of  oxygenation 
does  not  come  into  consideration. 

The  CO*  tension  of  my  arterial  pulmonary  air  is  5.53  per  osnt.  There 
is  therefore  a  difference  of  0.71  per  cent  (6.24-5.53),  or  5.1  mm.  Hg. 
(44.9-39.8),  between  the  COi  tension  of  my  arterial  and  of  my  venous 
blood,  a  figure  quite  close  to  the  average  differences  found  by  Christian- 
sen, Douglas  and  Haldane. 

As  mentioned  above,  Henderson  and  Prince  suggested,  as  a  varia- 
tion on  holding  the  breath  every  time  that  it  was  intermittently  re- 
breathed,  that  it  be  inspired  for  5  seconds  and  expired  for  5  seconds 
"one  or  more  times."  This  variation  has  been  repeated  to  see  whether 
it  would  give  the  same  values  for  the  CO*  tensions  that  holding  the 
breath  for  10  seconds  does.  When,  instead  of  holding  the  lungs  full 
for  10  seconds,  the  air  from  the  bag  is  inspired  for  5  seconds  and  expired 
for  5  seconds,  once,  the  same  value  for  the  COt  tension  is  found,  (Cf. 
table  6,  "held  for  10  seconds"  and  table  7  "1  respiratory  movement;" 
also  see  table  3).  Holding  the  breath,  after  a  sharp  inspiration  from 
the  bag,  for  5  seconds  results  in  a  percentage  increase  of  CO)  less  than 
that  resulting  from  holding  the  breath  for  10  seconds,  but  inspiring 
continually  for  5  seconds  followed  by  an  expiration  of  the  same  length 
of  time  results  in  a  percentage  increase  which  is  greater  than  that 
obtained  when  the  breath  is  held  for  5  seconds  and  practically  the 
same  as  when  it  is  held  for  10  seconds. 

But  when  the  numlicr  of  times  that  the  air  is  rebreathed  in  this  way, 
by  inspiring  for  5  seconds  and  expiring  for  5  seconds,  every  time  that 
the  air  is  taken  into  the  lungs  from  the  bag,  is  more  than  one,  it  is 
found  that  the  rate  of  CO,  increase  is  greater,  as  well  as  the  final  con- 
stant value  attained  (see  table  7  and  fig.  3).  This  is,  of  course,  just 
what  might  have  been  expected  from  the  results  that  have  been  de- 
scribed above  on  rebreathing  as  compared  with  holding  the  breath,  as 
well  as  from  the  fact  that  the  total  length  of  time  that  the  air  is  re- 
breathed  is  considerably  increased.  It  is  interesting  to  note  that  a 
constant  CO,  tension,  higher  an  it  is,  is  however  reached. 

The  statement  by  Henderson  and  Prince  regarding  this  variation  is 
ambiguous.  They  probably  did  not  mean  that  the  air  should  be  inspired 
and  expired  in  this  way  more  than  once  at  each  successive  intermittent 
rebreathing. 

The  application  of  the  CO,  tension  of  the  venous  pulmonary  air,  as 
well  as  that  of  the  arterial  pulmonary  air,  to  the  Plcsch-Higgina  method 
is  of  clinical  importance.     Knowing  the  venous  CO,  tension,  this 
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application  can  be  made  with  a  degree  of  certainty.  As  has  been  shown 
above  the  length  of  time  that  the  breath  is  held  in  the  lungs,  as  well 
as  the  number  of  respiratory  movements  in  unit  time,  have  an  influence 
on  the  COi  tension  of  the  expired  air. 

Reference  was  made  above  to  the  results  of  Boothby  and  Peabody 
(9)  on  the  relation  of  the  CO»  tension  to  the  rate  and  depth  of  respira- 
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Fig.  3.     The  effect  of  intermittent  reb  re  tithing— inspiring  for  5  seconds  and 
expiring  for  5  seconds — on  the  rise  of  CO,  tension ;  >  when  one  respiratory  move- 
ment is  made,  §  when  two  respiratory  movements  are  made,  x  when  three  respi- 
ratory movements  are  made. 

tion,  and  the  suggestion  made  that  the  values  of  the  CO,  tensions 
which  they  obtained  by  the  Plesch-Higgins  method  approximate  the 
venous  rather  than  the  arterial,  as  compared  with  the  tensions  obtained 
by  the  Haldane  method.  Also  reasons  for  doubting  the  validity  of 
Wardlaw's  results  concerning  the  frequency  of  respiratory  movement 
have  also  been  given  above,  as  well  as  evidence  showing  that  increas- 
ing the  number  of  respirations  in  a  certain  period  of  time — keeping 
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the  amplitude  as  constant  as  possible — raises  the  CO,  tension  of  the 
expired  air.  Henderson  and  Prince  (1)  expressed  the  opinion  that  the 
Plesch-Higgins  method  of  determining  the  alveolar  CO,  gives  results 
which  are  too  high.  Further,  that  by  this  method  of  rebreathing  the 
portion  of  the  curve  of  CO,  percentage  where  it  begins  to  become  level 
represents  the  CO,  tension  of  the  tissues.  Table  2  and  figure  1  of 
the  present  paper"  show  that  the  beginning  of  the  nearly  horizontal 
part  of  the  curve,  or  the  approximate  constancy  of  CO.  comes  after 
the  9th  rebreathing,  with  an  average  CO,  tension  of  7.15  per  cent.  The 
CO)  tension  of  my  arterial  pulmonary  air  is  about  5.53  per  cent.  This 
tension  is  reached  by  the  method  of  continuous  rebreathing,  some- 
where between  the  2nd  and  3rd  rebreathing  (see  table  2,  3rd  and  4th, 
if  the  air  expired  into  the  bag  be  considered  as  having  already  been 
rebrcathed  once),  and  the  venous  CO,  tension  (6.24  per  cent)  is  usually 
passed  between  the  4th  and  5th  rebreathing  (or  5th  and  6th  for  the 
above  stated  reason). 

One  of  the  regular  exercises  of  the  class  in  physiology  in  this  school 
consists  in  the  determination  of  the  gas  tensions  of  (he  arterial  pul- 
monary air  by  the  Haldanc-Friestley,  Henderson  and  Morrixs  and  the 
Plesch-Higgins  methods.  The  results  obtained  by  Mr.  B.  E.  Read, 
one  of  the  members  of  the  present  year's  claw,  arc  as  follows.  His 
arterial  CO,  tension  by  the  Haldane-Pricstley  method  is  5.72  per  cent, 
by  the  Henderson  and  Morriss,  5.77.  The  CO,  tensions  after  contin- 
uous rebreathing  once  every  5  seconds  are  given  in  tabic  8.  The  values 
given  are  the  average  of  four  or  more  determinations  on  separate 
rebreathings.  The  air  rebreathed  was  expired  into  a  bag,  and  was 
always  somewhat  more  than  the  tidal  volume  in  amount.  After  the 
air  has  been  rebreathed  twice,  the  CO,  tension  reaches  that  determined 
by  the  Haldane  and  Henderson  methods.  (If  the  air  expired  into  the 
bag  be  considered  as  already  having  been  rebreathed  once,  then  the 
arterial  CO,  tension  is  reached  after  the  3rd  continuous  rebreathing). 

In  addition  B.  K.  It.  has  determined  the  CO,  tension  of  bis  venous 
pulmonary  air  by  the  method  of  intermittent  rebreathing.  This  was 
found  to  be  about  6.34  per  cent.  As  seen  from  the  values  for  contin- 
uous rebreathing  given  in  table  8,  the  venous  CO.  is  reached  after  the 
3rd  continuous  rebreathing,  (or  the  4th,  for  the  above  given  reason). 

The  following  method  of  obtaining  the  CO,  tension  of  the  venous 
pulmonary  air  and  which  is  applicable  to  clinical  patients,  is  suggested. 
A  bag  sufficiently  large  to  hold  enough  air  to  fill  the  lungs  when  inhaled 
is  filled  with  fresh  air,  by  water  displacement  or  by  a  pump.     This  air 
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is  taken  into  the  lungs  after  they  have  been  emptied  as  far  as  possible, 
and  then  immediately  exhaled  into  the  bag  and  a  sample  analysed 
for  CO*,  (found,  in  my  case,  to  vary  between  3.25  and  4.0  per  cent). 
Or  the  subject  can  exhale  lightly,  with  pauses,  two  or  three  times  into 
the  bag,  inspiring  from  the  outside  air,  and  the  air  in  the  bag  then  be 
analyzed  for  COj.'  This  air  should  now  be  intermittently  rebreathed, — 
with  sufficiently  long  pauses  between  successive  rebreathings  to  allow 
the  circulation  and  respiration  to  become  normal, — according  to  the 
Henderson  and  Prince  method,  of  inspiring  for  5  seconds  and  expiring 
for  5  seconds,  until  on  subsequent  rebreathings  and  analyses  a  constant 
CO*  percentage  is  reached.  Since  the  same  results  have  been  shown 
to  be  obtained  when  the  breath  is  held  for  10  seconds  as  when  the  air 
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nicumi  or  COi 

MKMUlATHINtM 

B.E 

.R. 

E.F.A, 

id  mat  Mm 

IiitannHtant 

nbrakthinc 

Intermittent 
nbiwihinf 

1 

4.62 

4.41 

4.34 

2 

5.73 

6.27 

S.6S 

3 

6.21 

5.93 

6.39 

4 

6.82 

6.31 

6.43 

6 

6.91 

6.34 

6.60 

6 

6.56 

is  inspired  for  5  seconds  and  expired  for  5  seconds  once  for  each  inter- 
mittent rebreathing  (see  tables  6  and  7),  the  latter  method,  owing 
to  the  greater  ease  with  which  it  can  be  carried  out  by  sick  patients  is 
preferable  for  them. 

Furthermore  by  this  same  procedure  the  CO]  tension  of  the  arterial 
pulmonary  air  can  be  approximately  determined.  As  tables  6  and  7 
show,  when  the  air  after  inspiring  it  from  the  bag,  is  held  for  10  seconds 
and  then  expired  into  the  bag;  or  when  it  is  inspired  for  5  seconds  and 
expired  for  5  seconds,  at  each  intermittent  rebreathing,  a  CDs  tension 
approximately  equal  to  that  of  the  arterial  pulmonary  air  is  passed 
between  the  1st  and  2nd  intermittent  rebreathing.  By  adding  the 
tensions  found  after  the  1st  and  2nd  rebreathing,  and  halving  them, 
the  approximate  CO*  tension  of  the  arterial  pulmonary  air  can  be 
obtained.     The  average  obtained  when  the  breath  is  held  for  10  sec- 
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onds  is  5.46  per  cent;  when  an  inspiration  and  expiration,  each  lasting 
5  seconds,  is  made  at  each  intermittent  rebreathing,  an  average  of  5.41. 
An  even  more  approximate  determination  of  the  CO,  tension  of  the 
arterial  pulmonary  air  can  be  obtained  by  taking  the  average  of  the 
COt  tensions  of  the  first  two  rebreathings,  and  the  average  of  the 
first  three,  and  then  talcing  the  average  of  these.  When  the  breath  is 
held  for  10  seconds  at  each  intermittent  rebreathing  (see  table  6)  a 
value  of  5.59  is  thus  obtained,  and  when  the  air  is  inspired  for  5  seconds 
and  expired  for  5  seconds  once  at  each  intermittent  rebreathing  (we 
table  7)  a  value  of  5.54  per  cent.  By  applying  this  calculation  to  the 
results  obtained  on  two  other  subjects  (see  table  8)  a  percentage  value 
of  5.72  is  obtained  for  B.  E.  R.,  which  is  identical  with  the  CO,  tension 
obtained  by  the  Haldane  method;  and  of  5.24  for  E.  F.  A.,  whose 
arterial  pulmonary  air  by  the  Haldane  method  has  a  percentage  value 
of  5.36. 


1.  The  rise  of  CO.  tension  in  the  lungs  when  the  breath  is  held  is 
compared  with  that  when  the  air  is  rebreathed. 

2.  The  CO,  in  both  increases  at  a  gradually  decreasing  rate  until  it 
reaches  an  apparent  maximum.  The  rate  of  increase  and  the  final 
value  attained  are  higher  when  the  air  is  rebreathed  than  when  it  is 
simply  held  in  the  lungs.  The  time  that  the  air  can  be  rebreathed  is 
also  longer  than  that  for  which  it  can  be  held,  although  the  CO,  is 
higher. 

3.  The  method  suggested  by  Henderson  and  Prince  for  the  deter- 
mination of  the  venous  V(\  tension  has  lieen  carefully  gone  over  and 
the  two  variations  suggested  by  them  of  intermittent  rebreathing 
compared.  ' 

4.  The  Plesch-Higgins  method  of  determining  the  CO*  tension  of 
the  alveolar  air  is  shown  to  give  results  which  are  too  high  when  the 
air  is  rebreathed  more  than  two  to  three  times,  and  approximately 
equal  to  the  venous  CO,  tensions  when  four  to  five  rebreathings  are 
made. 

5.  A  method  for  determining  the  venous  CO,  tension  (slightly 
modified  from  that  of  Henderson  and  Prince)  and  applicable  to  clinical 
patients,  is  suggested,  as  well  as  for  the  calculation  of  the  approximate 
arterial  COt  tension. 
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It  baa  been  demonstrated  (1)  that  adrenalin  vasodilatation  in  the 
limb  can  be  produced  by  stimulation  of  other  than  peripheral  struc- 
tures. It  has  also  been  shown  that  intestinal  vasodilatation  from  ad- 
renalin involves  either  the  collateral  ganglia  or  the  central  nervous 
system.  These  facts  were  established,  a,  by  cutting  the  nerves  to 
the  limb  in  the  one  case  and  by  destroying  the  ganglia  in  the  other; 
i>,  by  perfusion  experiments  in  which  the  organ  is  cut  off  from  the 
body  circulation  and  the  nerves  left  intact,  adrenalin  being  injected 
into  the  jugular  vein. 

Previous  to  the  present  research  we  bad  found  evidence  which  indi- 
cated a  difference  between  the  type  of  mechanism  causing  vasodilatation 
in  the  limb,  as  an  example  of  skeletal  muscle,  and  that  producing  like 
effect  in  the  intestine :  vis.,  1 ,  small  doses  of  adrenalin  produce  constric- 
tion in  the  intestine  and  dilatation  in  the  limb  while  larger  doses  pro- 
duce the  reverse  effect,  i.e.,  dilatation  in  the  intestine  and  constriction 
in  the  limb  (1,  p.  366);  2,  greatly  increasing  the  dose  above  that  causing 
intestinal  dilatation  docs  not  produce  predominant  constriction  in  the 
intestine;  3,  the  intestinal  vasodilator  mechanism  develops  later  than 
the  corresponding  mechanism  for  the  limb  (2). 

In  the  present  research  we  have  attempted  to  determine  the  loca- 
tion of  these  mechanisms. 

The  procedure  followed  was  to  destroy  different  portions  of  the 
brain  and  spinal  cord,  to  remove  the  sympathetic  ganglia  or  to  destroy 
the  dorsal  root  ganglia  of  the  nerves  from  the  organ  investigated  and 
then  to  ascertain  the  activity  of  the  vasodilator  mechanisms  according 
to  methods  described  in  previous  investigations  (I). 

Removal  of  cerebrum  arid  cerebellum.  A  cat  (2.8  kgm.)  responded  U> 
0.2  cc,  1:  100,0(10  adrenalin  with  a  fall  in  blood  pressure  of  19.3  per 
cent  (ISO  mm.  to  121  mm.).     Nino  minutes  after  removal  of  the  ccre- 
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brum  a  similar  dose  of  adrenalin  produced  the  same  percentage  drop 
in  blood  pressure  (114  mm.  to  92  mm.)  This  indicates  that  the  adrena- 
lin vasodilator  mechanisms  are  not  in  the  cerebrum,  at  least  those 
which  control  the  vessels  of  skeletal  muscle  and  are  called  into  play  by 
small  doses  of  adrenalin.  In  order  to  confirm  our  conclusion  in  regard 
to  the  position  of  these,  we  studied  the  volume  changes  in  the  hind 
limb  of  one  cat  and  one  dog.  Dilatation  of  the  limb  of  the  cat  from 
adrenalin  occurred  after  decerebration  as  well  as  before.  A  similar 
result  was  obtained  in  the  dog  after  removal  of  both  cerebrum  and 
cerebellum. 

Blood  pressure  changes,  however,  do  not  indicate  the  action  of  the 
intestine,  therefore  in  ortfer  to  discover  whether  the  intestinal  mechan- 
ism was  present  in  the  cerebrum  the  volumetric  method  was  necessary. 
In  both  animals  the  intestinal  dilatation  thresholds  were  determined 
before  decerebration.  The  cerebrum  was  destroyed  in  the  cat,  then 
the  same  dose  of  adrenalin  was  injected  as  before  with  like  result, 
showing  that  the  intestinal  mechanism  was  not  in  the  cerebrum.  The 
dog  had  both  the  cerebrum  and  the  cerebellum  removed  without  inter- 
fering with  the  intestinal  dilatation. 

We  are  justified,  therefore,  in  concluding  that  neither  type  of  the 
adrenalin  vasodilator  mechanisms  is  present  in  the  cerebrum  or  cere- 
bellum. 

Destruction  of  the  medulla.  Our  next  step  was  to  destroy  the  me- 
dulla. This  was  done  in  those  animals  which  had  served  for  the 
cerebral  experiments,  and  in  some  others  in  which  the  brain  was  pithed 
in  one  operation.  (In  either  case  the  ether  was  immediately  discon- 
tinued.) Destruction  of  the  medulla  always  produced  a  reversal  in  the 
blood  pressure  response  to  adrenalin,  in  none  was  there  a  fall  in  blood 
pressure  (four  dogs  and  eight  cats).  It  appeared,  therefore,  that  the 
dilator  mechanisms  might  be  situated  in  this  region  of  the  central 
nervous  system.  A  typical  example  is  as  follows: — before  pithing  the 
brain,  0.2  cc.,  1: 100,000  adrenalin  produced  a  14  per  cent  fall  in  blood 
pressure  in  a  cat  (166  mm.  to  152  mm.) ;  twice  the  amount  produced  a 
30  per  cent  fall.  After  pithing,  the  same  doses  of  adrenalin  produced 
10  per  cent  and  32  per  cent  rises  in  blood  pressure,  respectively  (from 
78  mm.).  One  of  us  has  shown  (3),  however,  that  a  decrease  in  the 
blood  pressure  (e.g.,  by  hemorrhage)  is  enough  in  itself  to  produce  a 
similar  result.  The  reversal  in  the  reaction  in  this  case  then  was  not 
necessarily  due  to  destruction  of  the  dilator  mechanisms.  We  sought 
an  answer  to  this  question  by  a  study  of  the  volume  changes  of  the 
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organs.  The  dilatation  of  the  limb  muscles,  recorded  with  the  ptethys- 
mograph,  in  two  dogs,  and  four  cats  followed  the  curve  of  the  rise  in 
blood  pressure  and  seemed  to  be  passive.  Intestinal  volume  changes 
were  recorded  in  seven  subjects  (two  dogs  and  five  cats).  In  all  but 
one  the  dilatation  was  active,  independent  of  the  rise  in  pressure. 

In  order  to  exclude  all  possibility  of  passive  dilatations,  the  hind 
limb  of  a  cat  was  perfused  with  warm  oxygenated  Ringer's  solution 
through  the  common  iliac  artery.  The  abdominal  aorta  was  clamped 
high  up  to  prevent  anastomoses.  The  vena  cava  was  tied  and  an 
outlet  made  in  the  common  iliac  vein  (1,  p.  360).  The  response  of  the 
perfused  limb  to  various  doses  of  adrenalin  injected  into  the  general 
circulation  was  noted,  after  which  the  brain*  was  pithed  and  the  injec- 
tions repeated.  The  resulting  dilatation  was  in  every  case  as  marked 
as  before.  Similarly  the  perfused  hind  limb  of  a  dog  responded  by 
dilatation  as  well  after  destruction  of  the  brain  as  before.  A  perfused 
intestinal  loop  of  a  brainless  dog  dilated  when  adrenalin  was  injected 
into  the  general  circulation. 

Cervical  cord.  Having  failed  to  locate  the  vasodilator  mechanisms  in 
the  medulla  or  higher,  their  presence  in  the  cord  of  the  cervical  region 
seemed  very  doubtful.  The  upper  part  of  the  central  nervous  system 
down  to  the  thoracic  cord  was  destroyed  by  pithing  in  a  dog  and  a 
cat.  The  limb  mechanism  in  the  dog  was  active,  as  determined  by 
the  plethyamograph  after  pithing.  The  intestinal  reaction  of  the  dog 
was  not  studied  but  in  the  cat  it  was  still  present.  It  must  be  concluded 
that  both  mechanisms  are  below  the  cervical  cord. 

Thoracic  cord.  After  destruction  of  the  central  nervous  system  as 
far  down  as  the  mid-thoracic  region  the  adrenalin  vasodilator  mechan- 
ism for  the  intestine  still  worked  in  every  case  (four  cats  and  one  dog). 
It  appeared,  therefore,  that  the  intestinal  mechanism  must  be  located 
below  this  region. 

The  cord  was  next  pithed  to  the  lumbar  region  in  three  cats  and  one 
dog.  Adrenalin  still  caused  intestinal  dilatation  in  all  cases,  though 
in  the  dog  the  dilatation  was  not  as  marked  as  before.  Therefore  the 
mechanism  for  adrenalin  vasodilatation  in  the  intestine  appeared  to 
lie  outside  of  the  brain  and  spinal  cord  (fig.  1). 

The  adrenalin  vasodilator  mechanism  for  the  hind  limb  is  not  located 
in  the  thoracic  cord.  This  was  proved  in  both  normal  and  perfused 
limbs  by  destruction  of  the  brain  and  cord.  In  the  animals  with  the 
norma)  limb  (two  rats  and  one  dog)  one  seemed  to  respond  by  passive 
dilatation  while  the  others  were  active.     To  avoid  passive  effects  the 
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hind  limb  was  perfused  after  destruction  of  the  brain  and  cord  to  the 
lumbar  level,  (one  cat  and  one  dog).  Injection  of  adrenalin  into  the 
jugular  vein  caused  dilatation  in  the  perfused  limb  in  each  case. 

Lumbar  cord.  The  brain  and  spinal  cord  were  completely  pithed  in 
two  cats.  Adrenalin  produced  dilatation  in  the  hind  limb  in  both. 
However,  this  seemed  to  be  passive.  The  lumbar  and  sacral  cord 
only  were  destroyed  in  a  third  cat  without  preventing  dilatation  of 
the  hind  limb  from  adrenalin.  Where  the  limb  effects  appear  to  be 
passive  a  distinction  can  be  shown  by  using  a  denervated  limb.     The 


Fig.  1.  The  reaction  of  normal  limb,  denervated  limb  and  intestine  in  a  cat 
(weight  3  kgm.)  to  3  cc,  1:  100,000  adrenalin  after  destruction  of  the  brain  and 
ipinal  cord.    Base  of  bellows  20  mm.  x  13  mm.     (Reduced  one-half.) 

latter  gives  earlier  and  more  marked  constriction  than  does  the  normal 
limb  (fig.  1).  We  again  found  it  necessary  to  resort  to  perfusion  experi- 
ments. In  addition  the  pithing  was  done  with  a  stiff  brush  to  insure 
complete  destruction  of  the  cord. 

The  lumbar  and  sacral  regions  of  the  cord  were  destroyed  in  two 
dogs.  One  hind  limb  was  perfused  and  the  abdominal  aorta  clamped. 
In  both  experiments  good  dilatations  were  obtained  from  injecting 
adrenalin  into  the  jugular  vein. 

The  sacral,  lumbar  and  lower  half  of  the  thoracic  cord  were  destroyed 
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in  two  cats.  The  perfused  bind  limb  iii  each  case  dilated  when  adrena- 
lin was  injected  into  the  jugular  vein  (Sg.  2).  The  dose  of  adrenalin 
necessary  to  do  this  was  larger  than  is  the  case  in  a  normal  limb,  per- 
haps because  of  the  faulty  circulation  in  the  lumbar  region  caused  by 
clamping  the  aorta  above  the  bifurcation.  We  do  not  find  the  same 
difference  after  the  operation  in  dogs  as  in  cats,  owing  no  doubt  partly 
to  the  great  number  of  anastomoses  in  a  larger  animal. 

These  results  were  confirmed  by  experiments  in  which  the  connec- 
tion between  the  central  nervous  system  and  the  limb  under  observa- 
tion was  severed,  after  which  no  reduction  was  found  in  the  dilatation 
caused  by  adrenalin.    We  chose  dogs  for  this  operation.    The  spinal 


Fig.  2.  Dilatation  of  a  perfused  hind  limb  in  a  oat  (weight  2.5  kgin.)  to  1  00., 
1:  10.000  adrenalin  injected  into  the  jugular  vein  after  complete  destruction  of 
the  spinal  cord  downward  from  the  eighth  thoracic  level.  Base  of  bellows  36 
mm.  x  13  mm.    (Reduced  one-half.) 

nerve  roots  were  exposed  on  one  side  by  removing  the  laminae  and  part 
of  the  transverse  processes,  but  not  the  spines.  Hlmling  from  the 
sinuses  was  stopped  by  hot  saline  packs  from  time  to  time.  In  the 
first  experiment  both  dorsal  and  ventral  roots  of  the  sacral  and  lumbar 
regions  were  cut  close  to  the  cord  on  one  side.  The  limb  of  that  side 
was  placed  in  a  plethysmograpb  and  perfused.  The  aorta  and  vena 
cava  were  tied.  Injection  of  0.5  cc.,  1 :  20,000  adrenalin  into  the 
jugular  vein  caused  a  pronounced  dilatation  of  the  perfused  limb,  in 
spite  of  the  low  blood  pressure  which  had  resulted  from  hemorrhage, 
and  succeeding  doses  of  the  same  strength  had  a  similar  effect.  2  oc., 
1 :  20,000  adrenalin  caused  dilatation  which  persisted  for  some  time 
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(fig.  3).  A  second  dog  was  studied  in  a  similar  manner  with  the  same 
result. 

We  therefore  came  to  the  conclusion  that  the  vasodilator  mechanism 
for  the  hind  limb  could  not  be  situated  within  the  central  nervous 
system  but  must  he  either  in  the  sympathetic  or  in  the  dorsal  root 
ganglia  or,  perhaps,  in  both. 

Location  of  the  mechanism  for  skeletal  muscle.  Study  of  the  sympa- 
thetic ganglia  was  next  made.  The  right  hind  limb  of  a  dog  (26.0 
kgm.)  was  placed  in  a  plethysmograph.     The  last  five  lumbar  and  the 


Pig.  3.  Reaction  of  the  perfused  hind  limb  of  a  dog  (weight  12.6  kgm.)  to  2 
cc,  1:20,000  adrenalin  injected  into  the  jugular  vein  after  cutting  both  dorsal 
and  ventral  roots  central  to  the  dorsal  root  ganglia:.  Base  of  bellows  10  mm. 
x  19  mm.     (Reduced  one-half.) 

first  sacral  sympathetic  ganglia  were  destroyed  on  the  right  side.  The 
limb  was  next  completely  shut  off  from  the  circulation  and  perfused 
with  warm  oxygenated  Ringer's  solution.  Injection  of  1.5  cc.  of 
1 :  20,000  adrenalin  into  the  jugular  vein  caused  slight  dilatation  of 
the  perfused  limb,  while  after  twice  the  dose  the  dilatation  was  marked. 
A  second  animal  was  studied  after  destruction  of  the  last  five  lumbar 
and  the  first  two  sacral  sympathetic  ganglia.    The  dilatation  from 
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adrenalin  was  very  great  (fig.  4).  In  a  third  dog  both  sympathetic 
chains  were  completely  destroyed  on  both  sides  from  the  third  lumbar 
ganglion  downward.  Adrenalin,  injected  into  the  general  circulation, 
caused  the  perfused  limb  to  dilate  as  in  the  other  experiments.  The 
animals  were  always  examined  at  the  completion  of  the  experiments  to 
ascertain  the  limit  of  gangtiar  destruction. 

These  experiments  made  it  appear  that  the  limb  mechanism  was 
not  in  the  sympathetic  ganglia  but  in  those  of  the  dorsal  roots.  To 
deteiminr   this  we  approached  the  question   in  another  way.    The 


Fig.  4.  Dilatation  in  the  perfused  hind  limb  of  a  dog  (weight  21.9  kgm.)  from 
the  injection  of  4  cc..  1 :  20,000  adrenalin  into  the  jugular  vein,  after  removing 
the  tail  five  lumbar  and  the  firat  two  sacral  sympathetic  ganglia  on  the  mum 
aide.     Base  of  bellows  10  mm.  *  10  mm.     (Reduced  one-half.) 

dorsal  and  ventral  roots  of  all  lumbar  and  sacral  nerves  were  cut  central 
to  the  dorsal  root  ganglia  on  the  right  side.  The  right  hind  limb, 
after  being  placed  in  a  plethysmograpb,  was  completely  cut  off  from 
the  general  circulation  and  immediately  perfused.  Adrenalin  injected 
into  the  jugular  vein  caused  dilatation  of  the  perfused  limb.  The 
next  step  was  removal  of  all  dorsal  root  ganglia  supplying  the  perfused 
limb.  Following  this  operation  injection  of  adrenalin  into  the  jugular 
vein  produced  an  effect  on  the  perfused  limb  similar  to  that  occurring 
l>efore  removal  of  the  ganglia  (see  fig.  5).  This  was  repeated  in  three 
dogs  with  the  same  result  each  time  except  that  in  one  animal,  in  which 
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the  blood  pressure  became  quite  low  after  removal  of  the  dorsal  root 
ganglia,  somewhat  larger  doaes  of  adrenalin  were  required  to  produce 
dilatation  as  large  as  before;  this  may  perhaps  be  due  to  the  poor  circu- 
lation to  the  sympathetic  ganglia  because  of  the  clamp  on  the  abdomi- 


Fig.  5.  Dilatation  of  a  perfused  hind  limit  (dog  9.0  kgm.)  due  to  the  injection  of  2  re,  1:20,000 
adrenalin  into  the  general  circulation.  All  dorsal  root  ganglia  had  been  removed  after  cutting 
the  dorsal  and  ventral  nerve  roots  in  the  whole  lumbar  and  sacral  region  on  the  side  of  the 
perfused  limb.    Base  of  bellows  10  mm.  x  19  mm.     (Reduced  one-half.) 

nal  aorta  and  the  general  low  blood  pressure.  We  have  indeed  evi- 
dence of  interference  with  the  circulation  of  blood  to  the  sympathetic 
ganglia  in  the  delayed  dilatation  of  the  limb,  i.e.,  in  some  animals  the 
limb  began  to  dilate  long  after  the  beginning  of  the  change  in  blood 
pressure. 
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Having  shown  that  the  adrenalin  vasodilator  mechanism  for  the 
hind  limb  is  in  part  at  least  to  be  found  in  the  sympathetic  ganglia, 
we  next  proved  that  the  dorsal  root  ganglia  were  also  in  part  respon- 
sible for  the  dilatation  when  adrenalin  was  injected.  In  the  experi- 
ments where  the  sympathetic  chains  to  the  perfused  limb  had  been 
completely  destroyed,  the  remaining  adrenalin  vasodilator  mechanisms 
must  have  been  either  in  the  dorsal  root  ganglia  or  in  the  spinal  cord. 
Since  from  the  results  of  our  experiments  on  destruction  of  the  central 
nervous  system  we  were  convinced  that  it  did  not  contain  the  seat 
of  the  reaction,  we  wished  to  have  definite  proof  that  this  was  to  be 
found  in  the  dorsal  root  ganglia.  This  proof  we  got  by  destroying 
both  abdominal  and  sacral  sympathetic  chains  and  cutting  both  dorsal 
and  ventral  roots  central  to  the  dorsal  root  ganglia  in  the  whole  lumbar 
and  sacral  region  on  the  aide  from  which  the  perfused  limb  received 
its  supply.1  Four  dogs  were  studied  after  the  above  operation.  In 
each  case  adrenalin  injected  into  the  general  circulation  caused  dilata- 
tion of  the  perfused  limb  (sec  fig.  6).  In  two  of  the  animals  we  then 
removed  the  dorsal  root  ganglia,  whereupon  adrenalin  when  injected 
into  the  general  circulation  failed  to  produce  any  effect  upon  the  per- 
fused limb. 

We  were  able  to  confirm  the  location  of  the  adrenalin  vasodilator 
mechanisms  for  the  hind  limb  in  both  sympathetic  and  dorsal  root 
ganglia  by  the  direct  application  of  adrenalin  to  them. 

The  influence  of  adrenalin  upon  the  sympathetic  ganglia  of  the 
lumbar  region  was  studied  in  three  cats.  The  last  two  lumbar  ganglia 
were  exposed  by  careful  dissection.  A  small  funnel  was  clamped  in 
such  a  position  that  the  outlet  was  over  one  of  the  ganglia  so  that 
small  amounts  of  adrenalin,  poured  down  the  funnel,  bathed  it.     Be- 

1  Wo  ware  unable  to  obtain  aatiafaotorv  result*  Id  cata  in  moat  caae*  after 
exposure  of  the  doraal  root  ganglia,  a*  the  following  experiment*  »huw.  We  cut 
doraal  nerve  root*  central  to  the  K*ngli«  in  two  e*ta  on  one  aide.  Id  one  all 
root*  were  cut  from  the  aacraj  to  the  mid-thoracic,  in  the  other  all  to  the  thoracic 
level  were  cut.  Then  the  hind  limb  on  the  c  orreaponding  aide  waa  placed  in  a  ple- 
thyamograph  and  t>erf  used.  In  neither  animal  could  dilatation  of  the  perfused 
limb  be  obtained  from  injection  of  adrenalin  into  the  general  circulation.  In  a 
third  cat  the  lumbar  and  aacraj  cord  was  merely  exposed,  af  rer  which  a  hind  limb 
waa  placed  in  a  plcthysmograph  and  perfused.  Even  in  this  caae  no  dilatation 
could  be  obtained  in  the  perfused  limit  when  adrenalin  waa  injected  into  the  gen* 
era!  circulation,  although  the  blood  preeaure  waa  alraut  normal  (143  mm.)  In 
the  two  preceding  raae*  the  blood  pressure  wa*  *o  low  thai  it  waa  thought  pos- 
sibly a  factor,  (IS  mm.) 
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tween  applications  the  adrenalin  was  washed  out  with  isotonic  salt 
solution  and  taken  up  with  absorbent  cotton.  The  volume  of  the 
limb  was  recorded  by  means  of  a  plethysmography  In  the  first  animal 
a  1: 100,000  solution  of  adrenalin  produced  a  good  dilatation  of  the 
limb  with  hardly  any  blood  pressure  change.  A  1:10,000  solution 
produced  marked  constriction  of  the  limb  together  with  a  steady  rise 
in  blood  pressure.  We  consider  that  this  constriction  was  not  neces- 
sarily a  local  effect  at  the  ganglion  because  of  the  pronounced  blood 
pressure  change  which  accompanied  it.  The  second  animal  gave  dila- 
tation of  the  limb  upon  the  first  application  of  1: 100,000  adrenalin, 
but  later  applications  of  the  same  concentration  were  without  effect. 


Fig.  6.  Dilatation  of  a  perfused  hind  limb  (dog  14.  kgm.)  from  the  injection 
of  5.5  oc,  1: 10,000  adrenalin  into  the  jugular  vein.  All  sympathetic  ganglia  on 
both  sides  in  the  lumbar  and  sacral  regions  had  been  destroyed  and  all  dorsal 
and  ventral  nerve  roots  central  to  the  dorsal  root  ganglia  had  been  cut  below 
the  thoracic  level  on  the  side  of  the  perfused  limb.  Base  of  bellows  10  mm.  x 
19  nun.     {Reduced  one-half.) 

In  the  third  animal  a  1 :  100,000  solution  had  no  effect.  A  1 :  10,000 
solution  caused  a  slight  dilatation  of  the  limb  and  a  fall  in  blood  pres- 
sure from  105  mm.  to  102  mm.  A  1 :  5000  solution  caused  a  more 
pronounced  diltation  of  the  limb  and  a  fall  in  blood  pressure  of  25  mm. 
(fig.  7).  A  1:1000  solution  caused  marked  dilatation  of  the  limb 
followed  later  by  constriction.  The  blood  pressure  change  in  this 
cose  wits  a  pure  fall  of  21  mm. 

It  was  more  difficult  to  produce  dilatation  of  the  hind  limb  by  the 
application  of  adrenalin  to  the  dorsal  root  ganglia.  Three  dogs  were 
studied.    The  lower  lumbar  ganglia  were  used,  the  sheaths  covering 
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them  were  slit  and  sometimes  the  ganglia  themselves  in  order  to  permit 

better  access  of  the  adrenalin.    In  all  cases  both  dorsal  and  ventral 

root*  were  cut  central  to  the  ganglia  to  prevent  any  possible  effect 

from  the  cord.     The  solution  of 

adrenalin  was  washed  away  with 

isotonic   salt    solution    between 

each  application.    In    the  first 

experiment,    a    solution    of    1 : 

10,000    adrenalin     produced     a 

doubtful  dilatation.     A  second 

dose  of  the  same  concentration 

produced     no    effect    nor    did 

stronger  concentration  cause  any 

change.    In  a  second  experiment 

we  met    with   greater    success. 

Fix.  7.     Dilatation  of  a  hind  limb  due      Although  1 :  10,000  solutions  pro- 

to  direct  application  of  I :  MOO  adrenalin      duccd  no  effect,  those  of  1 :  1000 

totheaixthandaeventh  lumbar  aympa-      caused  dilatation  in  theUmband 

the  tic  on  ilia.     Base  of  bellowi  10  mm. .     .  ..      .,  .      ,    .. 

«  10  nuT  (Reduced  one-half.)  repeated  apphcaUons  of  solutions 

of  this  concentration  always  pro- 
duced the  same  effect.     In  a  third  case  dilatation  of  the  hind  limb 


Fig.  B.  Diliuahc.n  at  a  hind  lituli  due  hi  direct  applii-atinn  of  1 :  1000  adrenalin 
to  one  of  the  lower  lumbar  dunial  nml  ganglia.  Dug.  It)  kgm.  Hnxe  of  Iwllowi 
10  mm    g  I'.i  mm.     (Reduced  one-half.! 

wan  obtained  time  after  time  upon  application  of  1:  1000  adrenalin  to 
the  lower  dorsal  root  giingliu  fwf  fig.  Hi. 
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Location  of  the  intestinal  mechanism.  We  have  previously  shown  (4) 
that  the  intestinal  vasodilator  mechanism  does  not  function  after 
destruction  of  the  semilunar  and  superior  mesenteric  ganglia.  At 
that  time  we  stated  that  cutting  of  the  splanchnic  nerves  produced  the 


Fig.  9.  Dilatation  of  intestine  from  adrenalin  persists  after  cut  ting  all  splanch- 
nic fibers,  though  it  may  be  reduced.  Upper  record  is  the  response  to  O.S  cc, 
1:  10,000  adrenalin  before  cutting  the  splanchnic  fibers.  Lower  record  is  the 
response  to  1  cc,  1: 10,000  adrenalin  after  cutting  the  splanchnic  fibers  in  the 
same  animal.  (Cat  weight  2.5  kgm.)  Base  of  bellows  26  mm.  x  13  mm.  (Re- 
duced one-half.) 

same  result,  judging  from  the  result  of  the  one  experiment  of  this 
kind  (the  other  experiments  of  the  series  were  gangliar  destruction). 
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It  now  appears  from  further  experiments  that  cutting  the  splanchnic* 
does  not  necessarily  do  away  with  the  dilatation.  We  divided  the 
splanchnic  nerves  in  five  cats  and  took  records  of  the  reaction  of  the 
intestine  to  adrenalin.  In  one  the  reaction  was  constriction  only; 
the  remaining  four  gave  dilatation  as  before  except  that  in  one  animal 
it  was  less  marked  (fig.  9)  Destruction  of  the  semilunar  and  superior 
mesenteric  ganglia  in  one  of  these  greatly  reduced  the  dilatation  from 
adrenalin  but  did  not  quite  abolish  it.  Since,  however,  section  of  all 
nerves  in  the  stalk  of  this  loop  did  not  prevent  a  small  amount  of  dila- 
tation, we  concluded  that  some  small  part  of  the  previous  dilatation 


Fin.  10.  Dictation  of  a  perfused  loop  of  intent  ine  of  ado*  ;  weight  13.5  kgiii.) 
cauaed  by  the  injection  of  2  re.  I ;  10.000  adrenalin  into  the  jugular  vein.  PoM- 
gangliouic  fiber*  intact  but  alt  central  nervoua  connection  deatroyed  by  rutting 
the  aplanrbnic  filter*.     Baae  of  hellowa  10  mm.  x  19  mm.       [Hrdured  one-balf.1 

had   been   either  passive   or   else   due   to  stimulation   of  peripheral 
structures. 

In  order  to  eliminate  peripheral  effects  we  perfused  loops  of  intes- 
tine  by  the  method  already  described  (1,  p.  360).  All  splanchnic 
nerve  fibers  and  in  some  cases  the  vagi  were  cut.  Six  dogs  were  studied 
by  this  method.  In  every  animal  adrenalin  injected  into  the  jugular 
vein  caused  dilatation  of  the  perfused  loop  of  intestine,  ah  great  in 
amount  as  that  usually  obtained  in  perfused  looiw  of  which  the  central 
nervous  connection  wn  intact  {fig.  10).  In  two  dogs  the  dilatation 
was  often  preceded  by  constriction.  Cutting  the  nerves  in  the  stalk 
of  the  perfused  loop  did  away  with   all   effi-et*  of  the  injection,     Isola- 
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tion  of  the  collateral  ganglia  from  the  central  nervous  system  was 
verified  in  each  instance  by  post-mortem  dissection.  Two  cases 
showed  incomplete  section  of  the  lesser  splanchnics.  In  the  remaining 
four  the  destruction  of  central  nervous  connection  with  the  ganglia 
was  found  to  be  complete. 

If  sympathetic  ganglia  control  the  adrenalin  vasodilatation  in  the 
intestine,  it  is  natural  to  suppose  that  suitable  doses  of  nicotine  should 
reduce  the  dilatation  by  paralyzing  the  sympathetic  nerve  cells.  This 
was  found  to  be  the  case.  A  cat  (3.2  kgm.)  was  given  intravenously 
a  total  of  2.1  cc.  of  a  0.1  per  cent  nicotine  solution  divided  into  four 
doses.  The  dilatation  in  the  intestine  from  adrenalin  was  smaller  in 
amount  after  nicotine  than  before.  A  second  cat  (2.6  kgm.)  gave  a 
similar  result  after  an  intravenous  dose  of  nicotine  (1.7  cc.  of  a  0.1 
per  cent  solution).  The  intravenous  injection  in  a  third  animal  pre- 
vented the  intestinal  dilatation  altogether  (fig.  11).  In  a  fourth  cat 
dilatation  was  prevented  by  painting  the  superior  mesenteric  ganglion 
with  a  1  per  cent  nicotine  solution. 

Vasodilatation  of  the  intestine,  therefore,  is  apparently  caused  by 
the  action  of  the  adrenalin  upon  some  structure  in  the  superior  mesen- 
teric ganglion.  As  an  added  proof  of  this  we  have  been  able  to  cause 
dilatation  of  the  intestine  by  the  direct  application  of  adrenalin  solu- 
tion to  the  superior  mesenteric  ganglion.  The  intestine  of  a  cat  was 
placed  in  an  oncometer.  The  mesentery  was  cut  and  separated  from 
the  superior  mesenteric  ganglion  in  such  a  way  that  a  pocket  could 
be  made  by  engaging  the  cut  surface  of  the  mesentery  with  haemostats, 
to  form  a  pool  of  the  solution  of  adrenalin  around  the  ganglion.  The 
solution  was  simply  poured  into  the  pocket  and  between  each  applica- 
tion it  was  washed  away  with  normal  saline  solution,  which  was  after- 
wards removed  by  sponging.  The  following  results  were  obtained: 
A  small  dilatation  of  the  intestine  was  produced  by  a  1 :  20,000  solution, 
ten  minutes  later  a  1:5000  solution  produced  a  more  marked  dilata- 
tion and  finally  a  1 :  1000  solution  produced  a  dilatation  which  con- 
tinued to  increase  over  a  longer  period  than  the  preceding,  although 
the  first  effects  were  about  the  same  (fig.  12).  In  no  case  was  there 
any  appreciable  effect  upon  the  blood  pressure. 

In  view  of  the  evidence  advanced  above,  that  the  dorsal  root  ganglia 
contain  an  adrenalin  vasodilator  mechanism  for  the  hind  limb,  it  was 
thought  possible  that  there  might  be  a  similar  one  for  the  intestine 
and  that  this  might  respond  to  direct  application  of  a  solution  of  adren- 
alin.   With  the  results  of  Bayliss  (5)  in  mind  we  judged  that  the 
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20  mm.  x  21  mm.      (H.-.lurrd  one-fourth  ) 
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dorsal  root  ganglia  most  likely  to  cause  this  reaction  were  those  of 
the  twelfth  and  thirteenth  thoracic  nerves.  We  have  been  able  to 
show  that  such  a  mechanism  exists,  although  several  of  our  experi- 


Fig.  12.  Dilatation  of  the  intestine  due  to  direct  application  of  1:  1000 
adrenalin  to  the  superior  mesenteric  ganglion.  Cat.  Base  of  bellows  10  mm. 
*  19  mm.     (Reduced  one-half.) 

ments  gave  negative  results.  We  investigated  seven  animals  in  all, 
three  dogs  and  four  cats,  taking  records  of  the  volume  changes  of  a 
loop  of  intestine  on  application  of  a  solution  of  adrenalin  1 :  1000  to  the 
ganglia.    The  preparation  of  these  in  the  dog  was  like  that  described 


Fig.  13.  Dilatation  or  the  intestine  caused  by  application  of  1 :  1000  adrenalin 
to  a  split  dorsal  root  ganglion.  Adrenalin  washed  away  with  isotonic  salt  solu- 
tion at  X.    Cat.     Base  of  bellows  10  mm.  x  19  mm.     (Reduced  three-fifths.) 

above.  In  the  cat  we  cut  the  cord  across,  drew  the  cut  ends  back  and 
got  access  to  the  ganglia  from  their  central  ends,  thus  avoiding  exces- 
sive bleeding.     In  all  cases  we  found  it  necessary  to  cut  the  ganglia 
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longitudinally  to  allow  the  solution  free  access  to  the  cells.  Of  the 
dogs,  one  showed  no  change  and  the  two  others  only  slight  dilatations, 
and  these  not  always  occurring.  In  one  case  constriction  took  place. 
Two  of  the  experiments  on  cats  were  more  successful.  In  both  the  ap- 
plication to  the  ganglia  of  three  or  four  drops  of  the  adrenalin  solution 
caused  a  gradual  dilatation  of  the  intestine,  which  was  accompanied  by 
no  change  or  by  a  slight  fall  in  blood  pressure  and  which  gradually 
disappeared  after  the  ganglia  had  been  washed  with  saline  (fig.  13). 

DISCUSSION 

It  is  not  surprising  to  find  that  the  central  nervous  system  does  not 
contain  the  structures  stimulated  by .  adrenalin  in  bringing  about 
vasodilatation.  Cannon  and  Lyman  (6)  obtained  a  fall  in  blood 
pressure  from  adrenalin  after  total  destruction  of  the  central  nervous 
system,  if  ergotoxine  had  previously  been  given.  Of  course  it  cannot 
definitely  be  said  that  the  central  nervous  system  has  nothing  to  do 
with  the  problem,  since  destruction  of  portions  of  the  brain  or  cord 
inhibits  or  modifies  the  response,  as  is  evident  in  the  reversal  of  blood 
pressure  effects.  What  our  results  go  to  show  is  that  the  main  seat 
of  the  reaction  is  in  the  sympathetic  and  dorsal  root  ganglia.  The 
same  conclusion  hits  been  arrived  at  by  widely  different  ways,  vii., 
1,  by  perfusion  of  the  organ,  together  with  destruction  or  removal  of 
the  central  nervous  system  and  of  one  or  the  other  set  of  ganglia,  which 
might  be  the  seat  of  the  reaction;  2,  by  the  destruction  of  the  ganglia 
in  question,  thus  preventing  the  dilatation;  3,  by  the  direct  applica- 
tion of  adrenalin  to  the  ganglia.  The  fact  that  to  these  ganglia  is 
due  the  greater  part  of  the  dilatation  caused  by  adrenalin  does  not 
exclude  the  possibility  of  some  peripheral  action  on  the  dilator  nerve 
ending*,  as  various  investigators  have  suggested,  notably  (J  ruber  in 
a  recent  paper  (7).  Further  research  on  this  question  is  in  progress 
in  this  lal>oratory.  At  present  we  are  not  in  a  position  to  say  whether 
the  gangliar  or  the  peripheral  action  is  more  effective  in  bringing 
about  dilatation. 

The  nature  of  the  action  of  adrenalin  on  the  cells  of  the  sympathetic 
ganglia  is  still  uncertain,  whether  it  is  an  inhibition  of  the  eons  trie  tor 
elements  or  a  stimulation  of  a  dilator.  The  first,  in  the  light  of  the 
stimulating  action  of  this  hormone  on  the  endings  of  the  fibers  from 
these  cells  seems  improbable.  In  spite  of  the  negative  experiments  of 
Buyliss  l*i]  and  others  we  are  inclined  to  attribute  our  results  to  a 
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stimulation  of  vasodilator  cells.  If  the  existence  of  such  cells  is  a 
fact,  the  part,  whether  cell  or  synapse,  which  adrenalin  affects,  is 
still  uncertain.  That  it  cannot  stimulate  the  fiber  directly  is  evident 
because  no  dilatation  has  ever  been  obtained  in  a  perfused  organ,  the 
ganglia  to  which  have  been  removed,  no  matter  how  few  minutes 
before. 

The  nature  of  the  adrenalin  vasodilator  mechanism  of  the  dorsal 
root  ganglia  is  uncertain,  nor  is  there  any  evidence  as  to  whether  it  is. 
similar  to  that  in  the  sympathetic  ganglia.  Dogiel  (8)  has  described 
so-called  sympathetic  cells  in  the  dorsal  root  ganglia,  but  little  seems 
to  be  known  concerning  them.  Whatever  the  structure  may  be,  the 
impulses  which  are  started  must  be  antidromic.  From  this  arises  the 
question  of  the  possible  identity  of  these  impulses  with  those  described 
by  Baylies  (9),  which  brought  about  dilatation  by  their  action  on  the 
vessels  of  the  skin.  We  have  not  been  able  to  show  conclusively  that 
the  dilatation  which  takes  place  in  a  perfused  limb,  all  the  nervous 
connections  of  which  have  been  destroyed  except  those  with  the  dorsal 
root  ganglia,  is  not  caused  by  the  vessels  of  the  skin,  but  all  the  evi- 
dence tends  to  make  it  improbable. 


1.  Dilatation  of  the  hind  limb  is  brought  about  by  the  action  of 
adrenalin  on  structures  located  in  the  sympathetic  ganglia  of  the 
lower  lumbar  and  sacral  regions  and  in  the  dorsal  root  ganglia  of  the 
nerves  supplying  the  limb. 

2.  Dilatation  of  the  intestine  is  brought  about  by  the  action  of 
adrenalin  on  structures  in  the  superior  mesenteric  ganglion  and  in  the 
dorsal  root  ganglia  of  the  lower  thoracic  region. 

3.  Our  results  tend  to  support  the  view  that  the  sympathetic  system 
contains  vasodilator  fibers  to  the  intestine  and  to  the  hind  limb. 

BIBLIOGRAPHY 

(1)  Hartman  and  Phaser:  This  Journal,  1917,  xliv,  353. 

(2)  Hartman  and  Kilborn:  Ibid.,  1918,  xlv,  117. 

(3)  Hartoan:  Ibid.,  1915,  oxviii,  444. 

(4)  Hartman  and  McPbeoran:  Ibid.,  1917,  xliii,  317. 
(6)  Batuss:  Journ.  Physiol.,  1902,  xxviii,  277. 

(6)  Cannon  and  Lyman:  This  Journal,  1913,  xxxi,  390. 

(7)  Grcbkb:  Ibid.,  1918,  xlv,  302. 

(8)  Dogiel:  Anat.  Am.,  1896,  xii,  140. 

(9)  Batijbs:  Joura.  Physiol.,  1901,  xxvi,  173 


d  by  Google 


XL    THE  METABOLIC  GRADIENT  UNDERLYING 
INTESTINAL  PERISTALSIS 

WALTER  C.  ALVAREZ  and  ESTHER  STARKWEATHER 

from  the  Georgt  William*  Hooper  foundation  for  Medical  Ketearth,  Unitenitf  of 
California  Medical  School,  San  Pranciteo 

Received  for  publication  April  1,  IBIS 

For  many  years  physiologists  have  been  teaching  their  student*  that 
food  goes  down  the  intestine  because  of  Bayliss  and  Starling's  law  (1) 
or  Cannon's  myenteric  reflex  (2).  According  to  this  law,  a  stimulus 
applied  to  any  part  of  the  gut  causes  a  contraction  above  and  a  relaxa- 
tion below.  Interesting  and  important  as  this  law  is,  it  has  a  number 
of  limitations  which,  if  better  known,  would  undoubtedly  have  stimu- 
lated investigators  to  pry  into  the  matter  a  little  further  or  even  to 
look  for  a  new  and  more  universally  applicable  law.  Cannon  h'mself 
has  pointed  out  that  the  myenteric  reflex  is  not  always  in  control  and 
that  it  "does  not  govern  the  rhythmic  contractions  of  the  small  intes- 
tine, the  rhythmic  peristalsis  and  antiperistalsis  of  the  colon  and 
probably  not  the  rhythmic  waves  of  the  stomach."  Since  then  Gaskell 
(3)  has  shown  that  even  the  word  "reflex"  may  not  be  strictly  appli- 
cable in  this  connection  because  recent  anatomical  studies  have  made 
it  appear  very  unlikely  that  there  in  any  nervous  arc  over  which  a 
true  reflex  could  travel. 

On  reading  the  few  articles  that  have  been  written  on  the  subject, 
one  is  struck  by  the  fact  that  the  observers  found  the  reflex  hard  to 
demonstrate,  often  absent,  sometimes  reversed  and  always  localised 
within  2  to  3  cm.  of  the  stimulated  area.  They  used  traumas  and,  so 
far  as  we  know,  no  one  has  studied  the  condition  of  the  muscle  above 
and  below  a  bolus  of  food.  Graphic  records  of  peristaltic  rushes  ob- 
tained by  Alvarez  (4)  with  six  or  seven  delicate  enterograpbs  rarely 
showed  relaxation  before  oncoming  waves.  On  the  contrary,  powerful 
contractions  appeared  at  some  distance  in  advance,  and  these  often 
succeeded  in  stopping  the  rush.  A  moment's  thought  will  show  the 
need  for  this;  if  the  reflex  were  always  active,  the  bowel  would  soon 
be  emptied.  Food  once  introduced  into  the  duodenum  would  never 
180 
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stop  in  its  rush  to  the  anus.  Another  thing  which  suggests  that 
this  law  is  not  the  last  word  and  that  we  should  look  further,  is  the 
complaint  of  the  clinician  that  it  has  not  been  of  much  help  to  him  in 
that  it  does  not  explain  the  peculiarities  of  intestinal  action  in  the  sick. 

Five  years  ago,  while  doing  some  work  on  the  absorption  of  gas  from 
the  bowels  of  rabbits  and  cats,  Alvarez  noticed  that  there  was  a  great 
difference  between  the  irritability  of  the  duodenum  or  jejunum  and 
that  of  the  lower  ileum.  When  10  cc.  of  COt  or  other  gas  was  injected 
into  the  ileum,  the  bowel  would  respond  with  a  few  contractions,  after 
which  it  would  quiet  down;  the  same  amount  put  into  the  duodenum 
or  jejunum  gave  rise  to  active  segmentation,  which  did  not  cease  until 
the  gas  had  been  absorbed  or  passed  on  by  a  peristaltic  rush.  Feeling 
convinced  that  this  difference  in  irritability  alone  could  account  for  the 
downward  progress  of  food,  Alvarez  attempted  to  measure  it  in  some 
way.  While  trying  to  do  this  with  excised  segments  beating  in  Locke's 
solution,  a  gradation  in  rhythmicity  was  observed  (5).  Later,  graded 
differences  in  latent  period  were  found. 

Now,  the  accepted  idea  until  recently  has  been  that  the  rhythmic 
contractions  are  due  to  stimuli  coming  from  Auerbach's  plexus.  This 
view  is  based  on  the  work  of  Magnus  (6),  who  found  that  strips  of 
longitudinal  muscle  with  the  nerve-net  adherent  would  contract 
rhythmically,  while  strips  of  circular  muscle  without  the  nerve-net 
would  not  beat  in  Locke's  solution.  Recently,  Gunn  and  Underhill 
(7)  repeated  this  work,  taking  great  precautions  to  avoid  trauma,  and 
obtained  plexus-free  circular  strips  that  would  contract  rhythmically. 
This  is  what  we  should  expect  from  the  fact  that  some  segments  of 
intestine  will  contract  better  on  the  second  or  third  day  after  excision 
than  on  the  first.  One  cannot  conceive  of  nerve  cells  functioning 
better  after  that  length  of  time.  Moreover,  we  know  now  that  smooth 
muscle  cells  in  cultures  will  contract  rhythmically  when  there  is  ho 
question  as  to  the  absence  of  nervous  tissue  (8). 

It  would  seem,  then,  that  the  differences  in  rhythmicity,  irritability 
and  latent  period  must  be  ascribed  to  differences  in  rate  of  metabolism 
in  the  muscles  of  the  different  regions.  When  we  remember  that  we 
can  take  a  piece  of  ileum  beating  ten  times  per  minute  and,  by  warm- 
ing it,  speed  up  its  metabolism  so  that  it  will  beat  fifteen  times  per 
minute,  it  seems  probable  that  the  duodenum,  which  normally  beats 
fifteen  times,  has  a  faster  metabolism  than  that  of  the  ileum.  A  com- 
parison of  the  coefficients  of  increase  in  rate  with  increase  of  tempera- 
ture in  different  parts  of  the  small  intestine  lends  support  to  such  a 
view  (9). 
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Experiments  with  potassium  cyanide.  We  first  attacked  the  problem 
with  a  method  which  has  yielded  splendid  results  in  the  hands  of  Child 
(10).  He  points  out  that  although  oxidation  is  not  the  only  process 
taking  place  in  the  cell,  it  may  serve  as  a  useful  index  of  the  total 
metabolism.  It  is  pretty  well  accepted  that  potassium  cyanide  inter- 
feres with  oxidative  processes  and  Child  has  shown  that  regions  with 
high  rates  of  metabolism  and  faster  oxidation  suffer  more  from  the 
action  of  weak  solutions  of  this  drug  than  do  regions  with  slower  ra  es. 
Thus,  if  planarian  worms  of  different  ages  are  put  into  0.0065  per  cent 
KCN,  the  younger  ones  with  higher  rates  of  metabolism  die  before 
the  older  ones.  If  hydras  are  treated  n  the  same  way,  those  showing 
the  greatest  activity  die  first.  In  some  Ct«nophores  there  is  a  gradient 
of  susceptibility  to  KCN  in  the  conducting  paths  along  the  rows  of 
swimming  plates.  The  pace-making  region  suffers  so  much  more 
than  the  others  that  the  impulse  will  sometimes  start  at  the  wrong  end 
and  the  sequence  of  the  beats  will  be  reversed  (It). 

In  doing  this  work  we  used  five  segments  of  rabbit's  intestine  in  a 
beaker  containing  400  cc.  of  aerated  Locke's  solution  at  38°C.  The 
animals  were  killed  by  a  blow  on  the  head  and  the  segments  were 
removed  from  (1)  the  upper  duodenum  (2)  the  upper  jejunum,  (3) 
the  upper  ileum,  (4)  the  lower  ileum  and  (5)  the  middle  colon.  The 
contractions  were  all  recorded  together  on  the  same  drum  and  the 
segments  were  all  subjected  to  the  same  concentration  of  drug  at  the 
same  time. 

It  will  be  seen  from  figure*  1  and  2  that  the  addition  of  1  part  of 
KCN  to  1,300,000  parts  of  the  solution  caused  a  marked  loss  of  tone 
and  rhythmicity  in  the  duodenum  and  jejunum,  while  the  two  seg- 
ments of  ileum  were  much  less  affected.  We  agree  with  Child  that 
the  concentration  of  the  drug  must  be  just  right,  otherwise  the  seg- 
ments will  either  all  stop  at  once  or  else  they  will  Itoeome  acclimated 
and  show  nothing.  Itiialiiing  that  a  plentiful  supply  of  oxygen  might 
neutraliie  the  effects  of  the  KCN.  we  stopped  aerating  the  Locke's 
solution  and  immediately  were  able  to  get  better  results.  Figure  2 
shown  the  marked  improvement  in  the  contractions  of  segments  poi- 
soned by  KCN  when  air  Was  passed  through  the  solution.  It  is  plain 
that  the  duodenum  and  jejunum  had  been  suffering  much  more  than 
had  the  ileum.  Later,  when  the  same  dose  of  KCN  was  repeated,  the 
first  dose  still  remaining  in  the  beaker,  the  effects  were  less  pronounced 
because  the  oxygen  supply  was  larger. 
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A  large  series  of  experiments  was  performed  next,  in  which  the  air 
current  was  shut  off  for  varying  periods  of  time,  and  it  was  found  that 
with  asphyxia  alone  we  could  get  tracings  very  similar  to  those  obtained 


Fig.  1.  Graded  effects  of  KCN.  From  above  downwards  the  segments  are 
from  the  duodenum,  jejunum,  upper  ileum,  lower  ileum  and  colon.  Time  mark- 
ing represents  minutes. 

with  KCN.  Figures  3  and  4  show  how  much  more  the  duodenum 
and  jejunum  suffered  from  lack  of  oxygen  than  did  the  ileum.  This 
difference  was  brought  out  clearly  when  air  was  again  allowed  to  bubble 
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from  its  asphyxiating  properties.  Asphyxia  alone  does  not  slow  ths 
contractions  and  although  it  causes  them  to  disappear  in  the  duodenum, 
as  does  KCN,  it,  unlike  KCN,  does  not  affect  the  colon.  In  another 
paper  we  intend  to  show  that  with  KCN  and  other  drugs  the  slowing  ' 
of  the  rhythm  is  most  marked  in  the  regions  in  which  the  tendency  to 
rhythmic  action  is  weakest.  This  would  explain  the  marked  effect 
on  the  colon  since  those  segments  are  the  hardest  to  start  beating  in 
the  Locke's  solution. 

Experiments  with  adrenalin.  The  objection  may  be  raised  that 
perhaps  five  such  segments  will  react  to  all  depressant  influences  in  this 
graded  way  and  that  metabolism  has  nothing  to  do  with  it.  After 
testing  some  seventy-five  drugs,  we  can  say  that  not  only  do  many  of 
them  affect  the  segments  equally  but  some,  such  as  adrenalin,  will 
often  show  a  beautiful  gradient  in  the  opposite  direction,  that  is,  the 
duodenum  will  be  very  slightly  affected  when  the  ileum  is  completely 
paralysed.  This  graded  effect  with  adrenalin  may  easily  lx>  due  to  the 
same  gradiation  in  intensity  of  oxidation  which  we  believe  produces  the 
differences  with  KCN.  It  is  well  known  that  adrenalin  in  dilute  solu- 
tion is  rapidly  oxidised  to  an  inert  substance.  If  our  theory  is  correct, 
this  change  would  naturally  be  brought  about  soonest  in  the  duodenum 
and  that  segment  would  be  the  soonest  to  escape  from  the  influence 
of  the  drug.  A  glance  at  figure  5  will  show  that  that  is  what  actually 
happens.  With  smaller  doses,  tracings  were  obtained  in  which  the 
ileum  was  seen  to  Buffer  considerably  in  amplitude  while  the  duodenum 
was  unaffected.  Apparently  the  drug  was  oxidised  before  it  could 
reach  its  seat  of  action  in  the  muscle.  Figure  6  shows  that  these  dif- 
ferences are  not  due  to  a  higher  threshold  for  drug  action  in  the  duo- 
denum because  immediately  following  a  characteristic  adrenalin  action, 
some  apocodein  produced  its  most  marked  effect  on  the  duodenum. 
In  discussing  this  subject  with  Rome  physiologist*,  the  objection  was 
raised  that  these  differences  should  be  ascribed  to  Rome  peculiarity  in 
sympathetic  nerve  supply.  It  seems  to  us  that  until  such  complicated 
differences  are  clearly  understood  it  is  better  to  rely  on  the  simpler 
chemical  explanation  just  given. 

Afttuurement  of  carbon  dioxide  production.  We  next  attempted  to 
measure  the  amount  of  CO,  given  off  by  the  different  segments  in  a 
unit  of  time.  The  technic  used  was  suggested  to  us  by  Doctor  Van 
Slyke,  to  whom  our  thanks  are  extended.  Weighed  segment*  of  rab- 
bit's, cat's  and  white  rat's  intestine  were  put  into  a  large  ti-st  tube 
containing  Locke's  solution  at  38V.     In  most  of  the  experiments  the 
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0.02  per  cent  NaHCOj  of  the  Locke's  solution  was  replaced  by  0.01 
per  cent  NaOH  although,  as  was  to  be  expected  from  the  small  amount 
of  carbonate  present,  any  error  introduced  in  this  way  was  practically 
negligible.     Oxygen  was  allowed  to  bubble  through  the  solution  and 


Pig.  5.  The  graded  effect  of  adrenalin.    From  above  downwards,  the  segments 
ire  from  duodenum,  upper  ileum,  lower  ileum  and  colon. 

then  over  through  two  other  tubes,  each  containing  50  cc.  of  n/5  Ba- 
(OH)i  solution.  We  agree  with  Fletcher  (12),  who  used  a  similar 
technic  for  studies  with  striated  rausele,  that  these  two  tubes  are 
sufficient  to  catch  all  the  CO»  carried  over.    At  the  end  of  an  hour  the 
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two  barium  hydrate  tubes  were  titrated  as  rapidly  as  possible  with 
n  5  HCI.  In  practically  alt  of  these  experiments  the  difference  be- 
tween the  OOi  production  of  duodenum  and  ileum  was  quite  marked 
and  was  according  to  expectations.  Following  are  some  of  the  pro- 
tocols. The  figures  represent  cubic  centimeters  of  n  '5  Ba(OH)i  neutral- 
ised by  CO*  They  vary  in  the  different  experiments  because  differ- 
ent weights  and  different  times  were  used. 


Kig    6.  Onuird  pfTiTtii  nf  adrenalin  and  apocodriu.     Prom 
the  wgnicnin  nrc  from  duodenum,  jejunum,  upper  ileum  and  b 


I  ■» 

Duodenum    . . 

.i      8  5 

Jejunum 

Middle 

Ileum 

.  ..   '•      IS 

Here,  as  in  all  ruitmciiuciit  experiments,  poor  results  were  to  lie  ex- 
pected when  some  segments  contracted  more  actively  or  more  con- 
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stantly  than  others.  Good  results  were  obtained  either  when  they  all 
remained  quiet  or  when  they  all  became  equally  active.  It  can  easily 
be  seen  that  a  very  active  ileum  might  give  off  as  much  COi  as  a  quiet 
duodenum.  As  the  segments  do  not  all  recover  from  trauma  and 
start  beating  at  the  same  time,  it  was  found  well  in  all  these  experi- 
ments to  leave  the  pieces  of  bowel  in  warm  oxygenated  Locke's  solu- 
tion for  half  an  hour  after  cutting  and  weighing.  When  all  were  going 
well,  they  could  be  transferred  gently  to  the  test  tubes.  Another 
source  of  error  undoubtedly  arises  in  the  fact  that  so  many  of  the 
animals  have  intestinal  parasites,  i.e.,  coccidiosus  and  trichocephalus  in 
the  rabbit,  round  worms  and  taeniae  in  the  cat.  Alvarez  has  pointed 
out  elsewhere  that  these  conditions  tend  to  flatten  or  even  reverse  the 
gradients  of  rhythmicity  and  latent  period  found  in  normal  animals 
(13).  For  this  reason  it  is  best  to  give  cats  and  dogs  a  vermifuge  some- 
time before  they  are  to  be  used. 

Much  better  results  were  obtained  wi$h  the  very  simple  and  exceed- 
ingly delicate  method  of  Haas  (14).  Small  segments  of  rat's  intestine 
were  opened  out,  washed  thoroughly  with  Locke's  solution,  blotted 
between  filter  papers  and  cut  to  some  arbitrary  weight,  usually  0.4 
gram.  For  purposes  of  control,  two  segments  were  taken  from  each  of 
the  locations  described  above.  After  their  recovery  from  this  trauma 
they  were  transferred  to  thick,  glass  Wassermann  tubes  containing 
Locke's  solution  to  which  1  part  in  20  of  a  0.01  per  cent  watery  phenol- 
sulphonephthalein  solution  was  added.  The  tubes  all  held  about  the 
same  amount  of  solution.  They  were  sealed  with  corks  which  had 
been  boiled  in  paraffin  and,  in  addition,  the  ends  of  the  tubes,  corks 
and  all  were  paraffined.  Only  a  small  bubble  of  air  was  left  in  the 
tube.  These  tubes  were  left  in  a  water  bath  at  38°C.  until  the  COi 
formed  had  brought  about  a  considerable  decolorization  of  the  solution- 
Haas  has  shown  that  this  method  will  detect  differences  in  hydrogen 
ion  concentration  as  small  as  1  x  10~'. 

Ordinarily  the  solution  about  the  duodenal  segment  would  begin  to 
fade  within  a  few  minutes  and  in  half  an  hour  the  whole  tube  would 
often  be  acid  in  reaction. 

As  soon  as  this  decolorization  was  complete  in  the  tubes  containing 
the  duodenum,  they  were  all  removed  from  the  bath  and  arranged 
against  a  white  background  according  to  the  intensity  in  color.  The 
tubes  containing  the  colonic  segments  generally  retained  most  of  their 
original  pink  tint.  After  the  tubes  were  graded,  the  labels  on  the 
corks  were  read  and  put  down  as  in  the  following  protocols.     It  will 
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be  seen  that  although  at  times,  probably  on  account  of  unequal  activity, 
the  controls  are  somewhat  separated,  on  the  whole  the  gradation  is 
according  to  expectation.  D  represents  duodenum;  J,  jejunum;  M, 
middle;  I,  ileum  and  C,  colon. 

Guinea  pig  While  rat 

DJDJMMIICC  DDJJCMMIIC 

DDJMJIIMCC  DDJMJMIICC 

DJDJMMIICC  DDJJMIIMCC 

DDJJMMCIIC  DDJJMMIICC 

DDJJMMIICC  DDJJCMMIIC 

Rabbit  Cat—muKlt  alone 

DDJJMICMIC  DDJCJMMCII 

JDDJMIIMCC  DDJJMIIM 

DDJJMIMICC  DJMIC 

DJMDMJIICC  DJMIC 
DDJ    J    MI    MI    CC 

The  results  with  the  white  rats  and  guinea  pigs  were  best,  perhaps 
because  their  intestines  are  smaller;  longer  segments  can  be  used  and 
the  proportion  of  cut  surface  to  segment  is  much  less  than  in  rabbits 
and  cats.  It  must  also  be  remembered  that,  with  thin  technic,  the 
Locke's  solution  is  not  aerated  and  we  have  just  seen  that  lack  of 
oxygen  interferes  more  with  the  activity  of  D  and  J  than  with  that  of 
M,  I  and  C.  This  difference  would  tend  to  obscure  the  differences  in 
C'Oj  production  that  have  been  found.  The  muscle  from  the  cat 
rarely  showed  much  activity,  often  none  at  all. 

In  order  to  get  some  idea  of  the  actual  amounts  of  OOj  formed,  the 
tubes  were  opened  and  titrated  rapidly  back  to  the  original  color  with 
n  200  NaOH.  As  was  to  be  expected,  what  with  losses  of  COj  and 
difficulties  in  getting  the  end  point,  the  gradation  obtained  was  not  so 
satisfactory  as  with  the  closed  tubes.  In  seven  experiments,  small 
amounts  of  the  solution  were  removed  and  the  C(>i  measured  in  the 
Van  Slyke  apparatus.  In  the  following  protocol  the  figures  represent 
cubic  centimeters  of  n/200  NaOH. 

Rat  (1  hour) 

DDJMJMIICC 

JO    38    2.8     2.6    2.4     22    16     12    1.2     1.2 


The  average  amounts  in  five  experiments  wei 

D       J       M      I       C 

3  1    2  7    2  Tt    1  »    16 
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In  the  following  experiments  in  which  the  Van  Slyke  apparatus  was 
used,  the  figures  represent  cubic  centimeters  of  COi  in  1  cc.  of  the 
solution. 

Guinea  pig 

D        J        M        I        C 
0.49    0.22    0.18    0.16    0.11 
Guinea  pig 

DJDJ         r.IMMCC 
0.30    0.26    0.24    0.21    0.20    0.20    0.17    0.16    0.16    0.02 

The  average  amounts  in  seven  experiments  were 

D        J       M        I        C 
0.30    0.23    0.19    0.18    0.16 

The  differences  between  some  of  the  controls  in  these  experiments 
again  show  the  need  for  having  all  of  the  segments  beating  well. 

The  fact  that  the  faded  tubes  would  return  to  their  original  color 
when  oxygen  was  bubbled  through  them  showed  that  the  decoloriza- 
tion  was  due  to  COi  and  not  to  some  other  acid. 

In  order  that  the  bowel  might  be  studied  while  contracting  actively, 
most -of  the  experiments  were  done  at  first  with  segments  containing 
mucous  membrane.  As  this  membrane  varies  in  thickness  in  different 
parts  of  the  gut,  segments  of  equal  weight  might  contain  different 
amounts  of  muscle.  An  error  would  creep  in  also  on  account  of  the 
formation  of  COj  in  the  mucosa.  The  fact  that  decolorization  was 
very  slow  in  tubes  containing  inactive  segments  indicates  that  this 
error  was  not  large.  Moreover,  some  six  experiments  done  so  far 
show  that  the  CO:  production  in  the  mucosa  is  also  graded'  from  duo- 
denum to  ileum.  To  rule  out  all  objections,  strips  of  muscle  peeled 
off  from  the  mucous  membrane  of  the  cat's  intestine  were  studied  with 
the  same  methods,  and  the  same  graded  production  of  CO*  was  found. 

Tests  for  oxidases  and  peroxidases.  We  next  attempted  to  show  a 
gradation  in  the  oxidase  and  peroxidase  content  of  the  muscle  from 
different  regions.  Preliminary  qualitative  tests,  however,  failed  to 
show  a  measurable  amount  of  these  substances  in  any  part  of  the  gut. 
With  or  without  the  addition  of  HjOi,  there  was  practically  no  bluing 
of  guaiac  or  benzidin  with  the  crushed  muscle.  The  activity  of  the 
reagents  was  controlled  with  a  little  potato  juice  and  with  the  mucous 
membrane  of  the  small  intestine.  Experiments  with  pyrogallol, 
hydroquinone,  pyrocatechin  and  metol,  using  Bunzel's  small  apparatus 
(15)  showed  practically  no  oxidation  on  prolonged  contact. 
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There  are  many  reasons  why  such  experiments  should  be  disappoint- 
ing. We  have  not  as  yet  identified  the  ferments,  if  such  there  be, 
which  help  the  tissues  to  burn  their  proper  fuels, — sugar  and  fat ;  and 
these  more  or  less  specialised  oxidases  which  have  been  identified  are 
probably  of  lesser  importance.  Moreover,  as  Loew  has  pointed  out, 
the  living  state  of  protoplasm  seems  to  be  the  most  important  thing  in 
cell  oxidations  because  otherwise,  heating  to  a  temperature  of  45s, 
which  kills  the  tissue  and  does  not  destroy  the  oxidases,  ought  not  to 
interfere  with  respiration  in  the  way  it  does. 

Cataltue  estimations.  More  and  more  evidence  is  accumulating  to 
show  that  the  catalase  content  of  a  tissue  is  a  better  index  to  its  meta- 
bolic activity  than  is  its  oxidase  content.  Those  who  are  interested 
can  get  an  introduction  to  this  literature  through  the  articles  of  BatelU 
and  Stern  (16),  Loew  (17),  Kastle  (18),  Zieger  (19)  and  Zaleski  and 
Rosenberg  (20).  In  spite  of  the  large  amount  of  work  done  upon  this 
substance  and  in  spite  of  the  fact  that  it  is  found  in  considerable  amounts 
in  most  animal  and  vegetable  cells,  its  biologic  significance  is  still  far 
from  clear.  Usher  and  Priestly  (21)  have  shown  that  in  plants  H»Oi 
is  one  of  the  substances  formed  during  the  action  of  light  on  C<V 
If  not  removed  immediately  by  the  catalase  it  bleaches  the  chlorophyl 
and  puts  an  end  to  the  photosynthetic  reactions.  Many  believe  that 
catalase  has  a  similar  protective  function  in  animal  tissues.  So  far, 
most  of  the  evidence  indicates  that  it  is  a  highly  specific  ferment  acting 
on  hydrogen  peroxide  alone.  Ewald  (22),  however,  has  offered  con- 
siderable proof  for  bis  theory  that  catalase  helps  in  tissue  respiration 
by  loosening  the  oxygen  from  oxyhemoglobin.  He  found  that  the 
reduction  of  oxyhemoglobin  in  ammonium  sulphate  solutions  takes 
place  faster  in  the  presence  of  catalase.  This  is  the  more  suggestive 
in  view  of  Peters'  (23)  finding  that  the  amount  of  oxygen  taken  up  by 
hemoglobin  corresponds  to  that  required  to  convert  its  iron  into  a 
peroxide.  Fischer  and  Brieger  (24)  have  also  shown  that  the  blood 
oxygen  may  be  held  in  the  form  of  a  peroxide. 

It  seems  probable  that  in  some  way  the  catalase  assists  in  furnish- 
ing oxygen  to  the  tissues  as  fast  as  they  require  it.  Although  there 
are  a  number  of  exceptions  still  to  be  explained  there  is,  on  the  whole, 
a  pretty  definite  relation  between  the  metabolic  activity  of  a  tissue  or  of 
an  organ  and  its  catalase  content.  Thus  Lesser  points  out  that  the 
largely  anaerobic  ascaris  lumbricoidcs  has  one  forty-eighth  of  the  cata- 
lase content  of  the  aerobic  earthworm  (2J»).  The  mtalase  content  of 
bacteria  has  a  close  relation  to  their  use  of  oxygen  (2t>).     As  a  general 
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rule,  the  sum  of  the  catalase  content  of  blood  and  liver  is  less  in  cold- 
blooded  animals  than  in  warm.  There  are  some  exceptions  which 
may  be  explained  by  future  work.  For  instance,  the  blood  of  a  bird 
has  very  little  catalase  although  its  respiration  is  very  active.  This 
may  be  due  to  the  derivation  of  birds  from  reptilia;  and  it  may  be  that 
other  tissues  make  up  for  the  deficiency.  Thus  it  has  just  been  shown 
that  the  catalase  content  of  a  chicken's  skin  is  higher  than  that  of  any 
other  skin  studied  (27).  Other  objections  have  been  raised  by  Amberg 
and  Winternitz  (28)  who  showed  that  although  the  fertilisation  of 
sea-urchin's  eggs  leads  to  an  increase  of  from  four  to  six  times  their 
cell  oxidation,  there  is  no  increase  in  catalase.  Zieger  (19),  however, 
showed  an  increase  in  catalase  content  of  insects  during  their  meta- 
morphosis to  the  pupal  stage.  The  conflicting  results  obtained  by 
some  of  the  workers  may  easily  have  been  due  to  their  neglect  of  cer- 
tain factors  modifying  the  speed  of  the  reaction. 

Appleman  (29)  has  shown  in  potatoes  that  the  catalase  content  is  a 
better  index  of  respiratory  activity  than  the  oxidase  content.  The 
catalase  rises  and  falls  with  the  CO*  production  while  the  oxidase  doea 
not.  Zaleski  and  Rosenberg  (20)  while  pointing  out  a  number  of  objec- 
tions, conclude  from  a  review  of  the  literature  and  their  experiments 
with  germinating  seeds  that  "the  oxidase  and  catalase  effects  represent 
the  common  function  of  one  and.  the  same  substance  or  complex." 
Loevenhart  and  Kastle  (30)  conclude  from  parallel  experiments  with 
formic  acid  and  HsOa  that  "in  proportion  as  a  substance  is  able  to 
break  down  the  peroxide,  so  also  is  it  able  to  accelerate  oxidations." 
Burge  (31)  feels  sure  from  some  experiments  with  the  muscles  of  exer- 
cised and  confined  animals  that  catalase  is  an  index  of  the  metabolic 
activity  of  a  tissue.  Doctor  Child  permits  us  to  state  that  work  done 
so  far  in  his  laboratory  by  Mr.  MacArthur  indicates  that  the  catalase 
content  of  different  parts  of  small  animals  follows  the  gradients  of 
KCN  susceptibility  and  COi  production  previously  established.  Zieger 
also  comments  on  the  fact  that  younger  organisms,  with  more  rapid 
metabolism,  have  larger  amounts  of  catalase. 

Fortunately,  the  methods  for  estimating  catalase  are  very  simple. 
The  tissue  to  be  tested  is  weighed  and  ground  up  in  &  mortar  with 
broken  glass.  The  grinding  should  be  done  uniformly  or  the  results 
will  vary.  In  one  experiment  the  finely  ground  tissue  liberated  ten 
times  as  much  HjOj  as  did  the  expressed  juice.  The  glass  and  tissue 
are  washed  into  a  large  test  tube  with  15  cc.  of  water,  and  15  cc.  of  3  per 
cent  hydrogen  peroxide  is  added.     This  is  shaken  for  fifteen  minutes. 
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and  the  oxygen  given  off  is  measured  as  it  displaces  water  in  a  burette. 
The  readings  are  made  at  atmospheric  pressure.  We  have  found  it 
best  to  run  five  tests  at  a  time,  using  a  shaking  machine.  This  not 
only  saves  a  great  deal  of  time,  but  it  eliminates  three  considerable 
sources  of  error,  i.e.,  differences  in  the  temperature  of  the  room;  marked 
differences  in  the  temperature  of  the  tube,  depending  on  the  extent 
and  duration  of  contact  with  the  shaker's  hand;  and  differences  in  the 
amount  of  shaking.  Even  with  the  shaking  machine,  all  the  tubes 
must  be  held  firmly  in  a  block  so  that  some  will  not  be  agitated  more 
than  others.  Another  possible  source  of  error  avoided  by  doing  the 
tests  together  is  an  unequal  lighting.  Fortunately,  the  destructive 
effect  of  light  on  the  ferment  is  slight  in  the  first  fifteen  minutes,  during 
which  time  most  workers  make  their  determinations.  After  that, 
however,  surprising  differences  may  be  obtained  according  as  the  tests 
are  done  near  to  or  far  from  a  window  (32).  When  all  is  ready,  the 
Hid  is  run  in  from  a  thistle  tul>e,  the  top  of  which  is  connected  to  one 
arm  of  a  Y.  Another  arm  connects  with  the  test  tube  and  the  other 
with  the  burette.  Most  of  our  experiments  had  been  done  before  we 
read  the  papers  of  Loevenhart  (33),  McGuigan  (34),  Mendel  and  Leav- 
enworth (35)  and  Issajew  (36),  all  emphasizing  the  importance  of 
neutralising  the  hydrogen  peroxide  Iwfore  using.  We  have  repeated 
enough  of  the  work  to  show  that  for  our  purposes  it  does  not  make 
any  difference  whether  thin  is  done  or  not.  The  actual  amounts  of 
gas  given  off  are  larger  with  the  neutral  hydrogen  peroxide  but  the 
gradations  to  l>e  described  later  remain  the  same.  The  increase  is 
slight  for  the  muscle  catalase  and  more  marked  with  the  mucous  mem- 
brane. To  control  the  technic,  a  nunnVr  of  tests  were  run  on  strips 
of  muscle  from  the  same  segment  of  gut  or  from  adjoining  segments, 
and  the  error  was  found  ordinarily  to  In1  between  1  and  2  per  cent. 

When  segments  from  different  levels  were  studied,  the  amounts  of 
oxygen  were  found  to  l>e  graded  much  as  the  CO|  was  graded.  This 
will  l»e  seen  from  the  following  figures. 
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Dog  mtueU 


HlOt  ACID 

HlOl    HIUTIHL 

™„. 

15.7 

13.2 
11.9 
11  3 

11.2 

14.3 
14.3 

12.5 
12.5 
11.1 

18  3 
17.9 
13  6 
12.6 

27.9 
26.6 
26.0 
21.1 

Colon 

In  all  these  experiments  0.3  gram  of  tissue  was  used.  The  figures 
represent  cubic  centimeters  of  gas  evolved  after  fifteen  minutes.  In 
the  cat  and  dog  one  can  easily  peel  the  muscle  off  the  mucous  mem- 
brane and  get  it  clean  except  for  the  thin  layer  of  peritoneum.  This 
cannot  be  done  with  the  thin  bowels  of  rabbits  and  rats,  so  one  must 
there  be  content  with  scraping  off  the  mucosa.  For  some  reason  or 
other,  this  can  be  done  more  easily  in  the  duodenum  and  colon  than 
in  the  jejunum  and  ileum. 


Rabbit  mu 

kU  from  which  the  mucosa  hat  be 

en  rem 

oved  b 

/  scraping 

H*,^,^^ 

.T.ai„ 

42.2 
37.8 
39.7 
32.8 
27.1 

37.2     33.4 
32.8     27.7 
34.2     27.3 
36.7     20.4 
29.0     21.4 

36.9 
35.8 
24.8 
31.2 
15.9 

41.5 

32.4 
30.0 
21,0 

39.  G 
32.7 
35.7 
33.4 
16.8 

Colon 

It  will  be  seen  that  the  gradient  is  the  same  as  in  the  cat.  In  a  num- 
ber of  pregnant  and  diseased  rabbits  and  in  one  apparently  normal 
animal,  the  duodenal  figure  was  lower  than  that  of  the  jejunum.  A 
similar  difference  was  observed  while  measuring  the  latent  periods  in 
distempered  dogs.  The  duodenum  seems  always  to  be  the  first  to 
suffer  from  a  general  intoxication  or  from  adverse  conditions. 

As  the  catalase  content  of  the  mucous  membrane  was  found  to  be 
graded  also  from  duodenum  to  colon,  the  following  figures  from  rabbit 
and  rat  may  be  assumed  to  represent  the  sum  of  graded  muscle  cata- 
lase and  graded  mucous  membrane  catalase. 
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Rabbit   mutcU  wtlA  mucosa 
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19.2 
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Since  in  this  work  the  essential  thing  is  the  gradient  observed  in  the 
different  sets  of  five  determinations,  made  at  the  same  time  under 
identical  conditions,  and  not  the  absolute  values  of  Oi,  we  have  not 
bothered  to  reduce  the  figures  to  a  common  temperature  and  pressure. 
There  are  often  marked  individual  differences  in  the  catalase  content 
of  muscle  from  the  same  region  in  different  animals.  The  fact  that  the 
cat  muscle  contracts  firmly  to  a  pearly  white  cylinder  which  does  not 
(rive  the  bensidin  test  shows  that  the  graded  differences  found  are  not 
due  to  differences  in  blood  content.  We  reserve  for  another  paper  a 
discussion  of  similar  gradients  observed  in  the  catalase  content  of 
muscle  taken  from  different  parts  of  stomach  and  colon.  Interesting 
variations  have  been  found  also  in  the  gradient  of  catalase  content  in 
intestines  from  sick  and  pregnant  animals. 

D1H4T8K10N 

It  is  our  belief  that  the  gradient  of  metal  k>1  ism  shown  by  these  vari- 
ous tests  is  the  underlying  basis  of  downward  peristalsis.  The  impulse 
in  the  heart  has  long  been  known  to  follow  a  gradient  of  rhythmicity. 
Miss  Hyman,  in  Child's  laboratory,  is  finding,  as  was  to  be  expected, 
that  there  is  a  gradient  of  metabolism  underlying  the  differences  in 
rhythmicity.     When  we  speak  of  the  negativity  of  the  sinus  region  to 
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other  parts  of  the  heart,  we  are  thinking  of  the  direction  of  current 
flow  through  the  galvanometer;  on  the  heart  side  of  the  circuit,  the 
sinus  region  is  really  positive  to  other  parts,  indicating  that  it  has  the 
highest  rate  of  metabolism.  Recently  Tashiro,  with  his  marvelously 
sensitive  biometer,  has  demonstrated  a  gradient  of  COt  production  in 
nerves,  and  there  seems  little  doubt  but  that  the  nerve  impulse  flows 
along  that  gradient  (37).    In  an  efferent  nerve  the  gradient  is  from  the 
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Fig.  7.  Showing  the  parallelism  between  the  gradients  of  rhythmic  contrac- 
tion, COt  production  and  c&t&lase  content  in  different  animals.  In  order  to 
bring  the  different  curves  closer  together,  an  arbitrary  set  of  ordinate*  was 
chosen  running  from  8  to  16.  The  seven  sets  of  data  were  then  multiplied  or 
divided  by  factors  which  would  place  the  first  figure  for  the  duodenum  between 
14  and  IS.  The  original  data  are  shown  as  ordinates  in  the  seven  columns  on 
the  left.  The  numbered  columns  correspond  to  the  numbered  legends  identify- 
ing the  different  curves.  The  abscissae  represent  the  four  segments  along  the 
gut. 

center  to  the  periphery;  in  an  afferent  nerve  the  peripheral  end  has 
the  greater  COi  production  and  the  gradient  runs  toward  the  center. 
Similarly  we  believe  that  the  intestinal  contents  move  aborally  because 
of  the  aboral  gradient  of  metabolism  in  the  muscle.  Scientific  men 
who  have  been  trained  by  physicists,  chemists,  electricians  and  irriga- 
tion engineers  to  expect  motion  only  in  the  presence  of  differences  in 
potential  or  force  should  find  no  difficulty  in  accepting  such  a  theory. 
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Some  may  object  that  we  have  put  the  cart  before  the  bone  and 
that  a  greater  amount  of  CO*  is  formed  in  the  duodenum  simply  be* 
cause  it  beats  oftener  and  does  more  work.  They  may  point  to  the  fact 
that  poor  results  were  obtained  in  the  CO,  studies  when  the  segments  did 
not  all  contract  well.  To  meet  this  objection  we  repeated  the  work 
with  strips  of  muscle  which  either  did  not  contract  of  themselves 
or  else  were  paralysed  with  adrenalin,  and  we  obtained  the  same  graded 
results.  This  is  what  we  should  expect,  also,  from  the  catalase  experi- 
ments, which  show  chemical  differences  in  the  minced  and  quiet  muscle. 
Some  may  still  maintain  that  these  differences  are  brought  about  by 
differences  in  function.  Child  has  aptly  compared  the  life  processes 
to  a  river  whose  course  is  directed  by  banks  which,  in  their  turn,  are 
moulded  by  the  river.  We  believe  that  the  "banks"  just  discovered 
are  responsible  for  the  "river;"  others  may  feel  that  the  "river"  is 
still  unexplained  and  that  the  "banks"  are  just  those  which  one  should 
expect  to  find  carved  by  such  a  stream.  It  must  be  remembered,  how* 
ever,  that  most  of  the  carving  takes  place  over  thousands  of  years 
during  phylogenetic  development,  and  that  in  any  one  member  of  the 
race  these  banks  are  fairly  rigid.  It  seemed  well,  nevertheless,  to 
follow  a  suggestion  made  by  Doctor  Whipple  that  we  study  the  intes- 
tine in  embryos,  where  function  (if  any  peristalsis  attends  the  forma- 
tion of  meconium,  it  must  be  insignificant  as  compared  with  that  during 
extrauterine  life)  has  not  yet  commenced.  In  terms  of  Child's  simile, 
let  us  see  whether  the  "banks"  are  there  liefore  the  (individual)  "river" 
has  beg'in  to  flow. 

The  following  figures  represent  the  catalase  value  for  the  muscle 
(mucous  membrane  scraped  off)  from  different  parts  of  the  intestines 
of  20  em.  pig  fetuses. 
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It  will  Ix-mvii  that  here  again 
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«<•  have  the  same  pronounced  gradient 
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Fortunately,  we  have  at  our  disposal  some  other  experiments  which 
show  that  the  gradient  of  activity  will  remain  unchanged  even  when, 
for  many  months,  the  ileum  is  made  to  serve  as  jejunum  and  the 
jejunum  as  ileum.  A  number  of  men  have  reversed  long  stretches 
of  intestine  in  dogs  and  have  kept  the  animals  alive  for  a  year  or  more 
on  a  perfectly  smooth  diet  (38).  Finally,  however,  all  the  dogs  died 
with  symptoms  of  intestinal  obstruction,  which  at  autopsy  was  shown 
to  be  due  to  the  accumulation  of  wisps  of  straw,  bits  of  bone  and  other 
rough  material  (surreptitiously  obtained)  just  orad  to  the  upper  suture. 
This  observation,  together  with  a  number  of  others,  convinced  Lbbe 
experimenters  that  the  direction  of  peristalsis  had  remained  unchanged. 
Although  fluids  could  be  forced  "uphill"  through  the  reversed  bowel, 
solids  could  not. 

Those  who  may  still  feel  that  the  greater  activity  of  the  duodenum 
accounts  for  its  more  rapid  metabolism  have  yet  to  explain  the  origin 
of  the  greater  activity.  What  calls  it  forth  and  directs  it  if  it  is  not 
some  peculiarity  of  the  local  musculature?  They  cannot  push  the 
thing  off  into  some  ganglion  or  other  because  the  peculiarities  are  ob- 
served in  excised  strips  of  muscle.  They  can  hardly  ascribe  it  to 
impulses  from  nerve  cells  in  Auerbach's  plexus  because  the  peculiari- 
ties persist  for  three  or  four  days  after  excision. 

If  a  man  designing  a  cannery  wished  to  convey  the  cans  on  a  series 
of  belts  at  varying  rates  through  a  number  of  cooking  vats,  he  would 
not  depend  on  the  intelligence  of  the  cans  or  upon  their  desire  to  linger 
over  some  of  the  processes;  he,  himself,  would  regulate  the  speeds  of 
the  different  belts  to  suit  the  different  needs.  Similarly,  it  seems  to 
us  that  if  any  one  could  conceivedly  design  a  bowel  in  which  food  and 
ferments  were  to  be  mixed  in  proper  proportions  and  carried  along  at 
rates  varying  with  the  needs  of  absorption,  he  could  hardly  do  better 
than  to  place  muscles  with  a  higher  metabolic  rate,  greater  rhythmicity, 
etc.,  at  those  points  where  rapid  movement  was  desired. 

These  ideas  may  seem  strange  to  any  one  who  thinks  of  smooth 
muscle  as  an  entity,  but  we  feel  sure  that  if  such  a  person  were  to  spend 
a  few  months  getting  records  of  rhythmic  contraction  from  segments 
from  different  parts  of  the  gut,  studying  the  irritability,  tone,  latent 
period,  form  of  contraction  curve,  susceptibility  to  trauma  and  disease 
toxins,  and  the  reactions  of  rate,  rhythmicity  and  tone  to  drugs,  he 
would  be  satisfied  that  he  had  been  dealing  in  the  different  regions 
with  different  muscles  suited  to  the  different  functions.  Thus,  the 
feces  could  not  lie  quietly  in  the  cecum  or  colon  if  the  muscles  there 
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were  an  active  and  as  responsive  to  stimuli  as  they  are  in  the  duodenum. 
This  brings  up  another  point:  that  the  speed  with  which  the  intestinal 
contents  are  forwarded  depends,  probably,  not  only  on  the  steepness 
of  the  gradient  but  also  upon  other  characteristics  of  the  muscle. 

Changes  in  the  gradient  of  metabolism  with  symptoms  of  indigestion 
might  be  brought  about  ( I )  by  a  general  depression  of  the  body  strength 
or  by  a  general  bacterial  intoxication  which  would  affect  the  duodenum 
more  than  the  ileum;  (2)  by  chronic  passive  congestion,  as  in  heart 
disease,  the  duodenum  suffering  most  from  the  poor  oxygen  supply; 
(3)  by  a  local  increase  of  blood  supply,  such  as  probably  occurs  in  the 
colon  in  the  presence  of  an  inflamed,  pregnant  or  menstruating  uterus, 
and  (4)  by  inflammations,  such  as  appendicitis,  which  raise  the  local 
metabolism  above  its  proper  level.  In  two  recent  papers,  Alvaret 
(39)  has  gone  over  a  large  number  of  clinical  and  radiological  observa- 
tions and  has  shown  bow  beautifully  they  fit  into  such  a  theory. 

Incidentally,  those  who  are  interested  in  the  biologic  significance  of 
eatalase,  will  find  in  the  parallelism  of  the  curves  of  rhythmicity,  CO» 
production  and  oxygen  liberation  in  figure  7,  added  proof  of  the  close 
relation  of  this  substance  to  metabolism. 


The  "Law  of  the  Intestine"  has  so  many  limitations  that  we  should 
look  for  an  additional  or  underlying  cause  for  downward  peristalsis. 

Gradients  of  rhythmicity,  irritability  and  latent  period  have  been 
demonstrated  in  the  intestinal  muscle  from  duodenum  to  colon.  All 
the  evidence  now  points  to  a  myogenic  origin  for  the  rhythmic 
movements. 

Five  segments  of  intestine  contracting  rhythmically  in  Locke's  solu- 
tion show  a  graded  susceptibility  to  low  concentrations  of  KCN,  the 
duodenum  suffering  most.  A  similar  graded  effect  can  be  obtained 
with  asphyxia.  There  is  considerable  evidence  to  prove  that  such 
gradients  of  KCN  susceptibility  and  asphyxiation  correspond  to 
gradients  of  oxidative  activity. 

The  graded  response  of  the  segments  to  adrenalin  is  explained  on  the 
same  basis.  The  more  rapid  oxidation  of  the  dnig  entering  the  duo- 
denal wall  enables  that  segment  to  escape  promptly  from  its  action. 

I'sing  two  different  methods,  it  has  been  shown  that,  per  unit  of 
weight,  there  is  a  graded  production  of  ("<>i  both  in  the  muscle  and  in 
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tile  mucous  membrane  from  duodenum  to  colon.  This  gradient  was 
observed  even  when  the  muscle  was  kept  paralyzed  by  adrenalin. 

No  measurable  amounts  of  oxidase  or  peroxidase  could  be  found  in 
the  muscle.  A  peroxidase  is  present  in  the  mucous  membrane  of  the 
small  intestine. 

The  catalase  content  of  muscle  and  of  mucous  membrane  per  unit 
of  weight  is  found  to  be  graded  from  duodenum  to  ileum. 

These  observations  all  point  to  the  presence  of  a  metabolic  gradient 
in  the  muscle,  a  gradient  which  the  writers  believe  underlies  and  gives 
rise  to  the  gradients  of  rhythmicity,  irritability  and  latent  period. 
They  believe  that  these  gradients  determine  the  direction  of  peristalsie 
just  as  similar  gradients  direct  the  impulse  in  the  heart. 

Many  disease  conditions  can  be  explained  best  on  the  basis  of  upsets 
or  differences  in  steepness  in  these  gradients. 

Added  proof  is  given  for  the  view  that  the  catalase  content  of  a 
tissue  is  an  index  to  its  metabolic  activity. 
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In  previous  reports  (1),  (2)  we  have  pointed  out  that  secretin  is  capa- 
ble of  producing  a  considerable  increase  in  the  number  of  erythrocytes 
and  leucocytes  in  the  circulating  blood.  We  have  further  suggested 
that  the  increase  is  due  to  an  increased  production  of  blood  corpuscles 
probably  by  direct  stimulation  of  both  the  bone  marrow  and  the  lymph 
glands.  If  this  be  true  its  repeated  administration  over  a  long  period 
of  time  should  effect  definite  changes  in  the  blood  picture  and,  in  the 
organs,  the  histological  changes  of  increased  activity. 

In  accordance  with  this  idea  secretin  was  given  hypodermatically  to 
two  rabbits  to  a  total  of  forty  dosea.  The  preparation  of  secretin 
employed  was  a  dried  acid  extract  as  in  our  previous  experiments  (2), 
and  the  dose  of  10  mgm.  per  kilogram  of  body  weight  was  dissolved  in 
2  cc.  of  physiological  saline  solution.  To  each  of  two  control  rabbits 
2  cc.  of  physiological  saline  solution  were  administered  subcutaneously 
at  the  same  time  and  under  the  same  conditions.  The  injections 
were  made  every  day  for  two  weeks,  three  times  a  week  for  the  next 
two  weeks,  then  every  day  for  the  third  two  weeks,  and  finally  three 
times  a  week  for  two  weeks.  Thus  the  entire  time  during  which  the 
experiments  were  conducted  was  eight  weeks,  from  December  10, 
1917  to  February  4,  1918.  Each  pair  of  rabbits  comprised  a  male 
and  a  female  and  for  convenience  will  be  referred  to  hereafter  as  the 
secretin  rabbits,  nos.  1  and  2,  and  the  control  rabbits,  nos.  3  and  4. 
They  were  fed  and  cared  for  under  our  personal  supervision.  We  wish 
to  emphasize  particularly  that  there  was  at  no  time  evidence  of  infec- 
tion in  any  of  the  rabbits,  nor  did  either  of  the  females  become  preg- 
nant. Their  appearance  remained  perfectly  normal  and  all  showed 
satisfactory  gain  in  weight,  the  average  for  the  four  animals  being 
257  grams  during  the  time  under  observation. 
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Because  the  blood  picture  did  not  show  progressive  change  during 
the  last  two  weeks  of  the  experiment,  we  concluded  that  maximum 
effect  had  been  obtained.  Accordingly  the  animals  were  killed  and 
autopsies  performed  at  this  time,  the  method  of  procedure,  practically 
that  described  by  Livingston  (3),  being  briefly  as  follows:  Each  was 
killed  by  illuminating  gas  and  weighed  before  and  after  expressing  the 
urine.  They  were  then  freely  bled  by  being  suspended  head  downward 
and  the  abdomen  compressed  after  cutting  both  carotid  arteries  and 
jugular  veins.  The  alimentary  tract  from  the  cardia  to  the  anus  was 
excised,  weighed  and  reweighed  after  its  contents  had  been  expressed. 
We  now  had  the  reduced  body  weight,  i.e.,  the  weight  of  the  animal 
minus  the  urine  and  contents  of  the  gastro-intestinal  canal. 

In  general  the  gross  appearance  of  the  tissues  was  normal  in  all  four 
animals.  Careful  inspection  showed  absolutely  no  evidence  of  any 
infection  having  existed.  The  thyroids,  spleen  and  liver  were  removed 
from  each  rabbit  and  weighed.  These  weights  expressed  in  milligrams 
or  grams  per  kilogram  of  reduced  body  weight,  together  with  the  data 
from  which  the  reduced  body  weight  was  computed,  are  given  in 
table  3. 

TABLE! 


Rife 


Averages  2069  52062  5 


330     193.01916-5 


116.6  905.6542.873 


A vera pea 


2258  02240.5 


375 


241.52113.0 


405.1  39.189 


The  thyroids  in  the  secretin  rabbits  were  54.84  per  cent  heavier  than 
in  the  controls,  a  greater  difference  than  one  would  expect  from  individ- 
ual variations  as  reported  by  Livingston  (4).  Also  rabbits  1  and  2 
showed  slight  enlargement  of  the  liver,  9.37  per  cent,  as  compared  with 
the  others;  and  the  spleen  was  more  than  twice  as  large  as  in  rabbits 
3  and  4,  123.53  per  cent. 
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There  was  no  obvious  enlargement  of  the  lymph  glands  in  the  secre- 
tin rabbits  though  the  cervical  and  abdominal  chains  were  readily 
found.  Rabbit  3,  one  of  the  controls,  showed  excessive  subcutaneous 
fat,  rendering  the  isolation  of  lymph  nodes  in  this  animal  unsatis- 
factory. Lymph  glands  from  each  of  the  other  three  were  preserved 
for  histoloirical  examination. 

Finally  the  head  of  the  tibia  in  each  animal  was  split  open  and  the 
cylinder  of  red  marrow  carefully  removed.  In  the  controls  this  was  of 
a  light  pink  color,  quite  soft  and  very  friable.  In  the  others  it  was 
considerably  darker  in  color,  much  more  firm  and  decidedly  less  friable. 
These  cylinders  of  marrow  were  also  preserved  for  histological  study. 
In  addition  smears  of  the  marrow  were  made,  several  from  each  speci- 
men and  as  uniform  in  thickness  as  possible.  These  were  stained 
with  Wright  s  stain  by  the  same  method  employed  for  blood  smears. 
The  difference  in  the  consistency  of  the  marrow  from  the  two  pairs  of 
rabbits  was  very  noticeable  in  the  making  of  the  smears.  When  they 
were  examined  microscopically  striking  differences  were  observed 
strongly  suggestive  of  increased  activity  on  the  part  of  the  bone  mar- 
row of  the  secretin  rabbits. 

On  the  slides  from  the  controls  the  cells  were  not  numerous  being 
mostly  myelocytes  with  occasional  large  mononuclear  ymphocytes 
and  polymorphonuclear  leucocytes.  NucleaU-d  red  corpuscles  were 
comparatively  infrequent.  In  many  fields  they  were  not  present  and 
very  rarely  was  more  than  one  seen  in  a  single  field.  The  nuclei  of 
these  erythroblasts  were  deeply  stained  and  quite  uniform  in  appear- 
ance. On  the  other  hand,  in  the  smears  from  the  secretin  rabbits  cells 
of  all  types  were  much  more  numerous,  the  most  pronounced  difference 
being  seen  in  the  nucleated  red  cells.  One  or  more  of  these  was  found 
in  every  field  and  not  infrequently  as  many  as  six  or  eight  and  often 
more  were  present  in  a  single  field.  Furthermore,  in  most  of  these 
the  nuclear  network  was  plainly  distinguishable  and  many  of  these 
cells  were  observed  which  were  apparently  undergoing  cell  division 
presenting  various  stages  of  mitosis.  Several  erythroblasts  were  also 
encountered  in  which  the  nucleus  appeared  to  Ik>  undergoing  extrusion. 
A  number  of  myelocytes  were  also  observed  in  the  process  of  division. 
All  types  of  leucocytes  were  likewise  more  numerous  in  these  smears. 

The  alwolutc  increase  in  the  number  of  cells  in  one  set  of  slides  as 
contrasted  with  the  other  can  hardly  l>e  attributed  solely  to  unavoid- 
able differences  in  thickness  as  the  same  variation  was  uniformly 
shown  by  all  of  them.  The  repeatedly  observed  evidence  of  cell  divi- 
sion certainly  would  seem  to  indiratc  increased  activity. 
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The  cylinders  of  red  marrow  and  the  lymph  glands  were  fixed  in 
MullerVformalin  solution  and  embedded  in  celloidin.  Sections  were 
cut  of  a  uniform  thickness  of  eight  microns  and  stained  with  Ehrlich's 
haematoxylin  and  alcoholic  eosin. 

The  appearance  of  the  sections  of  bone  marrow  from  the  controls 
corresponded  closely  with  the  usual  depiction  of  normal  red  marrow, 
consisting  of  a  rather  loose  network  of  cells  with  large  spaces. probably 
previously  filled  with  fat.  In  the  other  sections  the  supporting  reticu- 
lum could  with  some  difficulty  be  made  out  but  the  spaces  were 
closely  packed  with  cells.  These  were  chiefly  myelocytes  and  erythro- 
blasts  with  the  former  predominating.  Only  rarely  small  vacuo  es 
were  seen,  fat  ceils  probably.  The  myelocytes  and  erythroblasts,  as 
in  the  smears,  presented  evidence  of  cell  division.  The  absolute  num- 
ber of  non-nucleated  red  corpuscles  was  greater  in  the  secretin  sections 
than  in  the  controls.  There  can  therefore  be  no  doubt  that  the  bone 
marrow  was  much  more  active  in  the  rabbits  which  had  been  given 
secretin  than  in  those  to  whom  saline  had  been  administered. 

In  the  case  of  the  lymph  glands  the  evidence  of  increased  activity 
was  less  striking.  While  the  glands  grossly  were  not  obviously  en- 
larged they  were  very  readily  found  in  the  secretin  rabbits  even  though 
no.  2  was  quite  as  fat  as  no.  3  of  the  controls  in  which  we  were  unable 
to  isolate  any  glands  satisfactorily  for  sectioning.  The  lymph  gland 
sections  showed  the  cells  more  closely  packed  in  the  glands  from  the 
secretin  rabbits  than  in  those  from  the  controls.  In  the  former  the 
cells  almost  overlapped  in  some  cases,  whereas  in  the  latter  they  were 
surrounded  by  free  spaces  at  least  as  wide  as  the  cells  and  usually 
wider. 

The  number  of  white  corpuscles  in  the  circulating  blood  of  the  secre- 
tin rabbits  would  seem  to  be  directly  proportional  to  their  increased 
production,  but  the  evidence  of  increased  production  of  red  corpuscles 
far  surpasses  the  increase  in  the  erythrocyte  count.  For  this  reason 
the  question  naturally  presents  itself:  If  such  greatly  increased  activity 
of  the  bone  marrow  is  produced  by  secretin,  why  is  there  not  a  greater 
and  more  persistent  increase  in  the  number  of  erythrocytes  in  the  circu- 
lating blood?  A  clue  to  the  answer  to  this  question  would  seem  to  be 
afforded  by  the  enlargement  of  the  liver  and  spleen.  According  to 
Robertson  and  Rous  (5)  overactivity  on  the  part  of  the  bone  marrow 
results  in  the  production  of  immature  erythrocytes  whose  resistance  to 
disintegration  in  the  blood  stream  is  below  normal.  The  remains  of 
these  corpuscles  which  have  gone  to  pieces  throughout  the  circulation 
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are  removed  from  the  blood  chiefly  by  the  spleen  but  partly  also  by  the 
liver.  The  accumulation  of  this  debris,  according  to  the  same  authors, 
is  the  chief  cause  of  the  enlarged  spleen  in  anaemias.  Possibly  we 
have  a  similar  condition  brought  about  by  the  repeated  administration 
of  secretin,  which  is  obviously  producing  overstimulation  and  therefore 
conceivably  causing  the  production  of  leas  perfect  corpuscles  which 
undergo  disintegration  in  the  blood  stream  and  are  removed  by  the 
spleen  and  liver. 

Another  explanation  of  the  apparent  discrepancy  between  the  pro- 
duction of  the  red  corpuscles  and  the  number  in  circulation  is  also  to 
be  found  in  the  activity  of  the  liver.  It  has  been  repeatedly  demon- 
strated that  secretin  stimulates  the  secretion  of  bile  (6),  (7).  Possibly 
this  increased  production  of  bile  requires  and  brings  about  an  increased 
destruction  of  the  red  corpuscles  which  is  only  a  little  more  than  offset 
by  their  increased  production.  Here  again  the  enlargement  of  the 
spleen  would  have  to  be  explained  by  accumulation  in  it  of  fragmented 
corpuscles.  A  direct  relation  between  the  disintegration  of  the  red 
corpuscles  with  the  liberation  of  haemoglobin  and  the  secretion  of 
bite  pigment  is  claimed  by  Eppinger  and  Chamas  (8),  Wilbur  and 
Addis  (9)  but  denied  in  the  more  recent  work  of  Whipple  and  Hooper 
(10). 

Further  evidence  of  the  production  of  new  corpuscles  in  response  to 
secretin  can  be  adduced  from  the  study  of  the  blood  smears.  The 
material  for  this  study  was  obtained  coinciden  tally  with  the  making 
of  the  leucocyte  counts  in  the  experiments  recorded  in  a  previous  paper 
(2)  and,  as  previously  mentioned,  from  the  animals  used  in  the  prepa- 
ration of  the  present  report.  The  blood  smears  were  stained  according 
to  the  method  recommended  by  Russell  (11),  vis.,  Wright's  stain,  2 
minutes;  water,  5  minutes;  dilute  Manson's  stain, 40  seconds;  washed 
and  dried.  In  every  case  at  least  two  hundred  cells  were  counted  for 
deriving  the  percentages  and  the  usual  number  counted  was  three 
hundred.  Ehrlich's  classification  of  the  white  corpuscles  has  been 
followed  simply  because  it  is  so  widely  known. 

We  have  made  altogether  sixteen  determinations  of  the  differential 
leucocyte  count  in  apparently  normal  rabbits  as  they  came  to  us  before 
they  were  subjected  to  any  experimental  procedure.  An  average  of 
the  sixteen  determinations  gives  us  the  following  figures:  Total  count, 
10,372  white  corpuscles  per  cubic  millimeter  of  blood;  small  mono- 
nuclear lymphocytes,  7.5  per  cent;  large  mononuclear  lymphocytes, 
13.3  per  cent;  transitional  leucocytes,  5.4  per  cent;  polymorphonuclear 
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neutrophilic  leucocytes,  69.7  per  cent;  polymorphonuclear  eosinophilic 
leucocytes,  3.6  per  cent;  polymorphonuclear  basophilic  leucocytes, 
0.5  per  cent  (table  4). 

Differential  leucocyte  counts  were  also  made  from  smears  obtained 
at  the  time  of  maximum  count  in  ten  experiments  in  each  of  which  the 
rabbit  bad  been  given  subcutaneously  a  single  dose  of  1  cc.  of  secretin 
solution  (10  mgm.  of  the  dried  acid  extract)  per  kilogram  of  body 
weight.    The  details  of  these  experiments  have  been  recorded  pre- 


TABLE  i 
Differential  leucocyte  counts  i 


normal  rabbits 


L,«H 

LBDCOCTT1S 

££ 

BMU 

I— 

Tnn- 

Neutro- 
phil* 

phivT 

Buophil* 

1 

9,800 

14.2 

u.o 

6.8 

63.5 

4.0 

0.5 

2 

j    10,400 

10.3 

15.0 

6.0 

66.0 

2.0 

0.7 

3 

7,100 

6.0 

16.0 

8.0 

68.0 

3.0 

1.0 

4 

9,800 

9.0 

12.0 

5.0 

69.7 

4.0 

0.3 

5  CH- 

4,800 

7.0 

13.3 

4.5 

67.6 

7.3 

0-3 

IP) 

10,400 

7.0 

9.0 

5.0 

74.0 

4.7 

0.3 

7(3) 

9,600 

5.0 

15.0 

60 

69.0 

4  5 

0.6 

8(4) 

6,200 

2.7 

10.7 

5.6 

77.0 

3  5 

0.5 

»<5) 

11,600 

10  3 

11.3 

3.0 

72.0 

3.0 

0.4 

10(6) 

1    20,000 

8.0 

13.5 

4.0 

70.0 

4.0 

0.5 

11  (7) 

15,600 

10  0 

13.5 

6.0 

67.0 

3.0 

0.5 

12(8) 

12,654 

4  0 

17.0 

6.0 

70.5 

2.0 

0.5 

13(9) 

10,900 

7.0 

18.0 

6.0 

65.5 

3.0 

0.5 

14  (10) 

7,400 

8  5 

10.5 

5.5 

73  0 

2.0 

0.5 

15  (15) 

11,000 

5.0 

15.0 

6.0 

70.0 

3.5 

0.5 

16  (16) 

9,200 

6.0 

12.0 

5.0 

72.4 

4.1 

0.5 

10,372 

7.5 

13.3 

5.4 

69.7 

3.6 

0  5 

*  Id  this  and  succeeding  tables  the  bracketed  figures  are  the  experiment 
numbers  of  previous  report  (2). 

viously  (2).  Averaging  these  ten  counts  we  get  the  following  figures: 
Total  count,  15,113  white  corpuscles  per  cubic  millimeter,  which  was 
an  average  increase  of  44.2  per  cent  as  compared  with  the  initial  counts 
in  the  same  tea  experiments;  small  mononuclears,  14.01  per  cent; 
large  mononuclears,  14.28  per  cent;  transitionals,  4.3  per  cent;  poly- 
morphonuclear neutrophils,  64.55  per  cent;  polymorphonuclear 
eosinophiles,  2.42  per  cent;  polymorphonuclear  basopbiles,  0.44  per 
cent  (table  5). 


d  by  Google 


ABDHET  W.  DOWNS  AND   NATHAN  B.    EDDT 


TABLE  I 

Differential  leucocyte  counts  at  timn  of  maximum  effect  following  tingle  dote  of 

tecretin 


~ 

ftntU, 

>M> 

Tnn- 

Nmtro- 
phil. 

pbi<* 

1  B-ophfl. 

5(1) 

7,800 

16.0 

6.0 

30 

71.0 

3.0 

1.0 

6(2) 

13,600 

17.4 

9  0 

4  0 

67.0 

2.3 

1      0  3 

7(3) 

11,250 

21  0 

6.0 

3.0 

67.0 

2  5 

0  5 

8«) 

14,200 

10  0 

11.0 

4.5 

71.0 

3.0 

0.5 

»«) 

16,600 

21  0 

13.0 

3.0 

600 

2.7 

0.8 

10(8) 

34,800 

12  0 

21.0 

5.0 

60.0 

2.0 

0.0 

11(7) 

11,786 

8.3 

19.3 

6.0 

62  0 

2  7 

0.1 

12(8) 

15,800 

8.0 

20  0 

5.0 

64.5 

2.0 

0.5 

13(9) 

13,100 

13  0 

21  0 

5.0 

58.5 

2  0 

0  5 

14  (10) 

12,200 

12  0 

16  5 

4  5 

64  6 

2.0 

0.5 

Averages 

15,113 

14  01 

14.28 

43 

64  55 

2.43 

0  44 

Following  the  administration  of  secretin,  therefore,  there  is  an  abso- 
lute increase  in  all  varieties  of  the  white  corpuscles,  a  considerable 
relative  increase  in  the  number  of  the  small  mononuclear  lymphocytes 
and  a  slight  relative  increase  in  the  large  mononuclear  lymphocytes, 
with  a  relative  diminution  in  the  polymorphonuclear  leucocytes. 

Tables  6  and  7  give  the  total  and  differential  leucocyte  counts  in 
two  experiments,  also  previously  recorded  in  full  (2),  in  each  of  which 
1  cc.  of  secretin  solution  (10  mgm.  of  the  dried  acid  extract)  per  kilo- 
gram of  body  weight  was  injected  subcutaneously  at  hourly  intervals 
for  three  doses.     Here  again  there  is  a  relative  increase  in  the  monc- 

TABI.E  I 
Erptrimtnt  IS   (IS) 


,«-™' 

W.COCT™. 

™C™     1  SdmU 

Uca> 

££■ 

NauUO-    ,     Eo»n»     1  - 
phik             pbiW         ■■*■■■» 

Initial 11,000       5.0 

16  0 
175 
16  0 
11  0 
10  0 
7.9 

6.0 
4  0 
50 
30 
8.0 
8.5 

70.0          3.5      '      0.5 

3d  hour 11,400  '  15  0 

66  0         4.0            1.0 
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Experiment  18  (18) 


'  sss 

>™«™ 

u« 

mM 

Smill 

uw 

SSi 

phik 

Eatao- 
phile 

B-phU. 

Initial 

1st  hour 

9,200 
:    15,300 
:    13,200 

6.0 
10.0 
7.7 
7.0 
35 
3.0 

12.0 
16.0 
17  0 
17  0 
12.5 
9  0 

5.0 
50 
5  3 
4.5 
3.0 
4.5 

72.5 
65.0 
65.7 
67.5 
76.5 
79.0 

4.0 
3.5 

4.0 
3.5 
4.0 
4.0 

0.5 

0.5 
0.3 

nuclear  lymphocytes.  Toward  the  end  of  the  experiment  the  opposite 
condition  prevails,  viz.,  a  relative  increase  in  the  polymorphonuclear 
leucocytes  with  a  relative  diminution  in  the  lymphocytes,  persisting 
even  after  the  falling  off  of  the  total  count  Moreover,  we  five  times 
observed  nucleated  red  corpuscles  in  the  blood  smears  of  this  series,  in' 
each  instance  in  a  smear  obtained  after  the  administration  of  the  third 
dose  of  secretin. 

We  have  further  recorded  the  total  and  differential  counts  in  each  of 
the  four  rabbits  of  the  present  series  at  irregular  intervals  throughout 
the  course  of  the  experiment.  These  figures  are  given  in  tables  8,  9,  10 
and  11.  In  this  case  the  secretin  rabbits  show  a  slight  relative  increase 
in  the  large  mononuclear  lymphocytes  and  also  the  transitionals  with 
a  relative  decrease  in  the  small  mononuclear  lymphocytes  and  with 
practically  no  change  in  the  proportion  of  the  polymorphonuclear 
leucocytes.  For  example,  averaging  the  initial  counts  we  get:  Total 
count,  9,850;  small  mononuclears,  12.25  per  cent;  large  mononuclears, 
13.0  per  cent;  transitionals,  6.5  per  cent;  polymorphonuclear  neu- 
trophiles,  64.75  per  cent;  polymorphonuclear  eosinophiles,  3.0  per 
cent;  polymorphonuclear  basophilee,  0.5  per  cent;  and  averaging  all 
the  counts  made  after  administration  of  secretin  we  get:  Total  count, 
16,300;  small  mononuclears,  9.37  per  cent;  large  mononuclears,  15.2 
per  cent;  transitionals,  9.56  per  cent;  polymorphonuclear  neutrophiles, 
62.12  per  cent;  polymorphonuclear  eosinophiles,  3.0  per  cent;  poly- 
morphonuclear basophiles,  0.5  per  cent.  A  comparison  of  the  differ- 
ential counts  of  the  control  rabbits  fails  to  show  similar  variations  in 
the  relative  proportions  of  the  different  types  of  white  corpuscles. 


d  by  Google 


ARDBBT  W.  DOWNS  AND  NATHAN  1 


TABLBI 

Different 

al  leucocyte  round  in 

tecretin  rabbit,  no 

.  t 

£££ 

Small      Uim 

Tran- 

Noutm- 
ph.U 

pbiST 

Bw 
phJ. 

December  10,  1017... 

0,300 

HO      11.0 

7.0 

63.5 

4.0 

0.6 

December  1ft,  1017... 

10,600 

145      05 

10.6 

63.0 

2.0 

0.1 

December  31,  1917.... 

15,600 

10.0     10  0 

8.0 

68.6 

3  0 

05 

January     26,  1018. 

18,000 

7.0  i  17.5 

10.0 

62.0 

3  0 

0  5 

February     2,  1918 

15,400 

8.0     17.0 

DO 

62  5 

3  0 

0  6 

Differential  leucocyte  countt  ir, 

teentin 

rabbil,  n 

o.  t 

_. 

Small     Ux* 

■&£■ 

Nautro- 

Eoaiw- 
pkib 

P** 

December  10.  1017 ....    10.400 
December  19,  1017 ....    11,600 
December 31,  1017  ...    20.800 
January     26,  1018    .      15,200 
February     2,  1018    . .    14,200 

10  6  15.0 
0  0  ,  16  0 

10.0  1  18.0 
7.6  17.6 
0  0     I«  0 

6  0 
80 
10.0 
11.0 
10  0 

66.0 
63.0 
57.0 
50  6 
61  5 

2.0 
2.5 
4.0 
4  0 
3  0 

OS 

0.5 
06 
0  5 
OS 

Differential  leucocyte  count*  in 

control  rabbit,  no 

5 

sst 

Lr-raoctr- 

L.«. 

cr~. 

Samll      Lars* 

60     16.0 
00     17  0 
SO     19  0 
7  0     14  0 
5  0     16.0 

Trao- 

6  0 
60 

5.0 
5  0 
6.0 

"phST 

68.0 
67.0 
66  3 
70  5 
69  5 

pbil* 

pSfc 

December  10,  1017.. 
December  10,  1017... 
December  31,  1017  . 
January     26,  1918 
February     2,  1018... 

7.100 
0.200 
7.400 
10.800 
!     9,200 

3.0 
3.7 
4  0 
30 
40 

ID 
0.3 
0  7 
05 
05 

TABLE  II 
Differential  leucocyte  round  in  control  rabbit,  no.  i 
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December  19.  1017  . 
Decembers!.  1017. 
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'"— 

-D0OC«-. 
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Tru- 
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9  0  1  12  0 

5  0 

60  7 

4  0 

0.3 
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6  0 
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4.0 

0  5 

10  5     15  0 

6  0 

65  0 

3.0 

0  5 

8  0      12  0 

6  0 

69  5 

4.0 

0  6 

8  0  !  16  0 

5  0 

66  6 

4  0 

0.5 
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Such  alterations  in  the  relative  percentages  of  the  different  forms  of 
leucocytes,  as  have  been  recorded  in  tables  4  to  11  inclusive,  where 
there  is  an  absolute  increase  in  the  total  white  corpuscle  count,  is 
presumptive  evidence  of  the  formation  of  new  cells  especially  of  the " 
types  relatively  increased. 


Therefore,  we  conclude  that  the  increase  in  the  number  of  red  and 
white  corpuscles  per  cubic  millimeter  of  circulating  blood  shown  to 
take  place  in  the  rabbit  after  the  administration  of  secretin  is  dependent 
upon  increased  production  of  new  blood  cells.  This  greater  produc- 
tion is  apparently  due  to  stimulation  of  the  bone  marrow  and  lymph 
glands  by  secretin.  The  evidence  on  which  this  conclusion  is  based 
is:  the  autopsy  findings,  the  changes  in  the  smears  of  bone  marrow, 
the  histological  alteration  in  both  the  bone  marrow  and  the  lymph 
glands,  the  variation  in  the  relative  proportions  of  the  white  corpuscles 
and  the  appearance  of  nucleated  red  corpuscles  in  the  circulating  blood. 

We  wish  to  acknowledge  the  assistance  rendered  by  Messrs.  L.  and 
M.  Notkin  in  the  conduct  of  these  experiments. 
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It  has  recently  been  established  that  a  alow  rate  of  stimulation  and 
a  weak  current  favor  the  depressor  responses,  and  a  rapid  rate  of  stimu- 
lation and  a  strong  current  favor  the  pressor  responses  of  the  vaso- 
motor mechanism.  In  this  connection  we  shall  restrict  ourselves 
to  the  discussion  of  the  literature  directly  pertaining  to  the  subject, 
and  refer  the  reader  to  more  general  discussions  in  recent  articles  by 
Grubcr  (1)  and  by  Hunt  (2). 

Gruber  (1)  demonstrated  that  the  rate  of  the  stimulation  as  well  as 
the  strength  of  the  stimulus  plays  an  important  part  in  determining 
whether  a  reflex  vasodilator  response  or  reflex  vasoconstrictor  response 
will  result  upon  stimulation  of  cut  afferent  nerves.  He  noted  that 
slow  rates  of  stimuli,  1  to  10  per  second,  were  favorable  for  the  reflex 
depressor  response,  whereas  rapid  rates,  15  to  20  per  second,  were 
favorable  in  the  production  of  the  reflex  pressor  response.  These 
results  have  been  confirmed  by  Hunt  (2).  He  cites  an  experiment  io 
which  a  "tetaniiing"  current  (about  80  interruptions  per  second) 
produced  a  rise  of  15  mm.  of  mercury.  The  same  strength  of  current 
interrupted  6  times  per  second  produced  a  fall  of  14  mm.  of  mercury. 
In  1805  he  explained  the  differences,  fall  and  rise,  in  blood  pressure 
obtained  upon  stimulating  a  cut  afferent  nerve  on  the  hypothesis  that 
there  are  present  in  the  same  nerve  trunk  two  separate  sets  of  afferent 
fibers  —vasodilator  and  vasoconstrictor  {3).  To  meet  the  differences 
in  thresholds  determined  by  Martin  and  Lneey  (4),  7.5  for  the  depressor 
reflex  and  280  Z  units  for  the  pressor  reflex,  Ranson  and  Billingsley 
(.li  advanced  the  hypothesis  that  the  same  nerve  filler  is  connected  with 
a  vasodilator  renter  and  a  vasoconstrictor  center,  and  that  the  result- 
ant effect  of  stimulation  is  determined  by  the  difference  in  irritability 
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of  the  two,  i.e.,  a  weak  stimulus  reaches  or  excites  the  dilator  more 
readily  than  it  does  the  constrictor  center.  According  to  Ranson 
and  Billingsley,  the  "depressor  path"  is  through  a  long  fiber  tract  with 
few  relays,  whereas  the  "pressor  path"  is  through  a  series  o"  short 
relays. 

Vincent  and  Cameron  (6)  claim  that  the  fall  in  blood  pressure  pro- 
duced upon  the  stimulation  of  cut  afferent  nerves  is  atypical  and  that 
the  rise  in  pressure  is  the  natural  response.  They  attribute  the  fall 
in  pressure  largely  to  changes  in  respiration,  i.e.,  "hyperrespiration," 
and  believe  it  to  be  the  result  of  (1)  mechanical  interference  with  the 
heart's  action;  (2)  mechanical  interference  with  the  return  of  the  blood 
to  the  heart.  They  report  that  the  extent  of  the  fall  of  pressure  ap- 
pears to  be  largely  proportional  to  the  violence  of  the  respiratory  ac- 
tivity. They  say,  "Sometimes  when  the  respiration  is  very  violent, 
a  pure  fall  of  blood  pressure  may  take  place  (see  fig.  5),"  (pp.  54-64-77). 

In  their  work  they  could  not  always  satisfy  themselves  as  to  the 
different  effects  of  weak  and  strong  currents  produced  by  sliding  the 
secondary  coil  away  from  the  primary  coil.  On  several  occasions, 
however,  they  were  able  to  obtain  a  fall  in  pressure  with  a  weak  current 
and  a  rise  with  a  strong  current  by  changing  the  number  of  cells  in 
the  primary  circuit.     They  say, 

This  effect  is  interpreted  by  Reid  Hunt  as  pointing  to  the  existence  of  "de- 
pressor or  reSex  vasodilator  fibres"  in  the  sciatic  and  similar  nerves.  If  this  is 
the  case,  opening  the  thorax  should  not  alter  the  qualitative  result.  So  far  we 
have  been  unable  to  notice  the  difference  just  recorded  between  weak  and  strong 
currents  respectively  when  the  thoracic  cavity  has  been  opened. 

They  failed  to  state  the  rate  of  interruption  of  the  primary  current. 
However,  we  presume  from  a  study  of  their  results  that  it  was  a  tetaniz- 
ing  current.  As  has  been  said,  this  rate  of  interruption  favors  the 
production  of  the  reflex  vasoconstrictor  rather  than  the  reflex  vasodila- 
tor response. 

In  the  light  of  some  of  the  previous  work  done  by  one  of  us  (1)  upon 
the  vasomotor  system,  we  could  not  reconcile  ourselves  to  the  idea 
that  the  fall  in  blood  pressure  could  have  been  influenced  in  the  least 
by  the  respiratory  movements  affecting  the  heart's  activity.  (See 
/,  fig-  3.) 

The  present  research  was  therefore  undertaken  to  determine  to  what 
extent  the  fall  in  blood  pressure  could  be  due  to  respiratory  interference 
and  incidentally  to  determine  the  approximate  thresholds  for  the 
depressor  and  pressor  responses  in  dogs  with  a  given  rate  of  stimulation. 
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Both  dogs  and  cats  were  used  in  these  experiments,  in  all  cases  with 
light  ether  anaesthesia.  The  skin  was  incised  on  the  median  tine  of 
the  neck  and  the  animal  tracheotomised.  The  blood  pressure  was 
always  registered  from  the  left  carotid  artery.  A  signal  magnet,  which 
marked  intervals  of  five  seconds,  was  placed  at  the  atmospheric  pres- 
sure line  of  the  manometer. 

For  reflex  afferent  stimulation,  the  saphenous,  femoral,  ulnar  and 
peroneal  nerves  were  used.  Each  nerve,  as  used,  was  isolated,  cut 
and  the  central  end  fastened  in  a  Sherrington  shielded  electrode  (7). 
The  nerve  was  kept  warm  and  from  being  stretched  when  the  second- 
ary coil  was  moved  by  fastening  the  two  flaps  of  skin  snugly  on  either 
side  of  the  electrode  with  paper  clips. 

The  stimulating  current  was  usually  0.1  ampere  in  the  primary  cir- 
cuit, and  the  strength  of  the  secondary  current  was  determined  in  Z 
units  according  to  the  Martin  method  (8).  In  a  few  cases,  0.5  and 
1  ampere  in  the  primary  current  was  used. 

The  rate  of  stimulation,  with  the  exception  of  a  few  cases  in  which 
it  was  23  per  second,  was  7  interruptions  per  second.  No  attempt 
was  made  to  short  circuit  the  make  shocks  as  it  was  thought  that  this 
alternating  effect  would  overcome  any  polarization  which  might  take 
place  in  the  nerve  trunk  at  the  point  of  stimulation.  The  method  of 
interrupting  the  current  was  the  same  as  that  employed  in  a  previous 
research  by  one  of  us  (1). 

The  effect  of  central  nerve  stimulation  was  tested  both  before  and 
after  the  opening  of  the  thorax  in  the  experiment*  on  dogs.  In  the 
experiments  upon  cats  it  was  thought  unnecessary  to  stimulate  the 
nerve  before  the  thorax  was  open,  on  account  of  the  uniformity  of 
previous  results. 

In  all  the  experiments  the  ribs  were  transected  on  the  side  of  the 
thorax  and  the  entire  sternum  and  parts  of  the  ribs  attached  to  it 
removed.  This  completely  exposed  the  heart  and  lungs.  Artificial 
respiration  was  carried  on  by  a  motor  interrupting  an  air  blast.  Care 
was  taken  to  maintain  as  nearly  as  possible  a  body  temperature  of 
S8*C.  This  was  successfully  done  by  placing  an  electric  lamp  over  the 
animal. 
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The  threshold  stimulus.  The  threshold  stimulus  for  the  depressor 
response  varied  in  the  seven  readings  on  dogs  with  the  thorax  closed 
from  4.2  to  20  Z  units,  or  an  average  of  8.3  Z  units.  The  stimulus 
necessary  to  bring  about  the  pressor  response  varied  in  the  same  ani- 
mals from  220  to  2425,  or  an  average  of  628  Z  units. 

Readings  were  made  on  animals  with  the  thorax  opened.  The 
threshold  for  the  depressor  response  varied  in  these  from  4.2  to  16.8, 
with  an  average  of  7.3  Z  units,  and  for  the  pressor  response  59  to  3100, 
with  an  average  of  844.8  Z  units.    (See  table  1.) 

TABLE  1 

The  approximate  threshold  stimuli  for  pressor  and  depressor  responses  in  dog*. 

Rate  of  stimulation  7  timet  per  second 


TMU,    <««» 

»««•».. 

N«T* 

mate 
tonabold 

ZnniW 

thnabold 
riHln 
Znott* 

N«TT* 

Apprai- 

U™hold 
fall  in 

tbmhoM 

Left  saphenous 

Right  saphenous... 

4.6 
4.2 

30.3 
4.2 
4.2 

18.8 
4.2 

485 
48S 
485 
220 
485 
220 
2425 

Left  saphenous 

4.2 
4.2 

16.8 
4.2 
4.2 
4.2 
4.2 
7.5 

18.8 
7.5 

205 

Right  saphenous... 
Right  saphenous... 

Left  saphenous 

8.3 

628 

7.3 

The  average  for  the  depressor  response  in  these  experiments  upon 
dogs  is  the  same  as  that  obtained  by  Martin  and  Lacey  (4)  in  experi- 
ments on  decerebrate  cats  but  lower  by  40  per  cent  than  the  results 
they  obtained  with  ether  or  urethane  anaesthesia  on  the  same  experi- 
mental animal.  This  difference  is  probably  due  to  the  difference  in 
the  depth  of  anaesthesia. 

The  average  current  strengths  of  844  and  628  which  we  found  neces- 
sary to  produce  a  rise  in  blood  pressure  are  much  higher  than  that- 
found  by  Margin  and  Lacey,  280  Z  units. 
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Optimum  strength  of  stimulus.  With  a  rate  of  stimulation  of  7  per 
second  the  maximal  fall  in  blood  pressure  was  obtained  in  80  per  cent 
of  the  experiments  with  a  current  of  16.8  Z  units  in  the  animals  with 
the  thorax  closed  or  opened.  The  average  fall  in  blood  pressure  with 
the  thorax  closed,  tested  upon  5  dogs  and  7  nerves,  was  15  mm.  of 
mercury,  or  a  fall  of  9.5  per  cent.  The  average  fall  in  blood  pressure 
tested  upon  eleven  different  nerves  in  five  different  animals  with  the 
thorax  opened  was  13.3  mm.  of  mercury,  or  a  fall  of  10.9  per  cent. 
(See  table  2.) 


The  maximal  fall  in  blood  pressure  in  mi  Hi' me  fen  of  mercury,  and  the  fall  in  blood 
prerture  in  per  ctnt,  upon  reflex  afferent  nerv*  stimulation  in  dogs.  Halt  of 
stimulation  T  per  second 


™...,™»..- 

T.,.UDn»» 

Km 

m 

V 

3«l 

!l  'lis 

■is 

Saphenous 

Saphenous  

Ulnar 

Saphenous 

Saphenous  

Ulnar 

Saphenous  

16  S     25 
16  SI     14 
175  0i      S 

16  6 
9.0 
4  0 

4  4 

8  a 

5  0 
19  0 

95 

Saphenous 

Peroneal  ,       ..... 
Ulnar 

16  8 
16  8 
59 

7  5 
16  8 
16  8 
16  8 
16  8 

100 

10  0 
13  0 
10.0 
21.0 
20.0 
18  0 
12  0 

8.0 

8  0 

9  0 

16  8 

7  5 
16  8 

14 
8 
31 

15 

Femoral 

Saphenous 

16  0 
14.5 

Saphenous 

10.0 

Saphenous 

10.8  1     8  0 

7  0 

Anrajco 

That  the  depressor  response  is  as  readily  elicited  in  dogs  as  we  have 
previously  shown  it  to  be  in  cats  can  be  seen  in  figure  I.  The  animal 
was  under  light  ether  anaesthesia.  The  rate  of  interruption  of  the 
stimulating  current  was  7  per  second.  The  maximal  fall  was  obtained 
at  ,1,  in  which  the  strength  of  stimulus  was  16.8  Z  units.  There 
occurred  with  this  strength  of  stimulus  applied  to  the  saphenous  nerve 
a  drop  in  blood  pressure  from  150  to  12ti  mm.  of  mercury,  a  fall  of 
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16  per  cent.     No  noticeable  change  in  respiration  occurred  during  the 
experiment. 

Figures  2  and  3  are  records  taken  from  the  same  animal  as  was 
figure  1,  but  with  the  thorax  opened.  The  opening  measured  4  by  6 
inches.     Upon  stimulation  of  the  femoral  nerve  in  figure  2  the  blood 


Pig.  1.  Dog.  Thorax  closed.  Saphenous  nerve.  In  this  and  the  following 
records,  the  upper  curve  is  that  of  blood  pressure,  the  middle  sero  presure,  and 
time  in  5  seconds,  and  the  lower  line  the  time  and  duration  of  stimulation.  Rate 
of  stimulation,  7  per  second.  Strength  of  stimulus  in  Z  units  at  I,  4.8;  $,  7.5; 
S,  16.8;  4,  16.8;  5,  25;  6,  42.5. 

pressure  decreased  from  135  to  118  mm.  of  mercury,  or  a  fall  of  12.6 
per  cent  at  $  with  the  same  strength  of  stimulus  as  in  figure  1,  S.  ■ 

That  the  opposite  response  can  be  obtained  by  increasing  the  strength 
of  stimulus  in  animals  with  the  thorax  opened  and  with  heart  and  lungs 
entirely  exposed,  is  demonstrated  in  figure  3.    At  points  1,  S  and  S 
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electrical  excitation  of  the  peroneal  nerve  produced  pure  falls  in  blood 
pressure.  At  4  the  reversal  took  place  with  a  current  strength  of  69  Z 
units.  In  only  one  other  case  were  we  able  to  produce  a  rise  in  blood 
pressure  with  so  weak  a  current.  In  all  other  nerves  in  which  such  a 
response  could  be  obtained  the  strength  of  current  necessary  to  bring 
about  the  reversal  was  220  or  more  Z  unite.  In  a  number  of  nerve* 
we  were  unable  to  get  the  pressor  response  with  any  strength  of  current 


Kir.  2.  Dor.     Thorax  opened.     Femoral  nerve.     Strength  of  stimulus  to  Z 
anils,  /,  7  5;  t.  Ifl.S;  5,  50  0;  J,  175  5. 

available.  Figure  4  is  presented  to  show  that  even  very  strong  currents 
interrupted  7  times  per  second  do  not  produce  a  rise  in  blood  pressure. 
The  femoral  nerve  was  stimulated  at  1  with  a  current  of  485,  at  t  with 
2425  and  at  S  with  4850  Z  units.  The  blood  pressure  fell  in  each  ease 
and  at  I,  20  mm.,  or  a  decrease  of  16.6  per  cent. 

Similar  curves  were  obtained  from  the  cats  used  in  these  experi- 
ments.   With  a  rate  of  stimulation  of  7  per  second  we  never  failed  to 
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obtain  a  fall  in  blood  pressure  in  animals  with  the  chest  closed  or 
opened.  The  extent  of  the  fall  was  modified  by  the  depth  of  anaes- 
thesia; the  lighter  the 'anaesthesia,  the  lower  the  threshold  and  the 
greater  the  extent  of  decrease. 

The  respiratory  r&k.  Our  experiments  do  not  support  Vincent  and 
Cameron's  theory  that  the  fall  in  blood  pressure  is  brought  about  by 
movements  of  respiration  which  interfere  with  the  heart's  activity. 


Fig.  3.  Dog.  Thorax  opened.  Peroneal  nerve.  Strength  of  stimulus  in 
2  units,  I,  4.2;  *,  7.5;  5,  16.8;  4,  59. 

They  found  that  as  the  thorax  was  opened,  the  fall  in  blood  pressure 
disappeared.  They  were  unable  to  obtain  a  difference  in  the  response 
of  the  vasomotor  system  to  weak  and  strong  stimuli  when  the  thorax 
was  opened.     Only  a  rise  Was  obtainable. 

We  found  that  not  only  was  it  possible  to  obtain  a  fall  in  blood  pres- 
sure with  the  thorax  opened,  but  that  the  threshold  strength  of  stimulus 
was  approximately  the  same  in  either  case.     (See  table  1.) 
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The  results  in  table  2  show  that  it  is  not  only  possible  to  obtain  a 
fall  in  blood  pressure  independently  of  respiratory  excitation  and  the 
resultant  interference  with  the  heart's  activity;  but  that  the  extent  of 
this  fall  is  greater  for  animals  with  the  thorax  opened. 

The  differences  observed  between  Vincent  and  Cameron's  results 
and  ours  are  in  all  probability  due  to  differences  in  the  rate  of  inter- 
ruption of  the  stimulating  current. 


Fir.    4.  Dog.     Thorn    opened.     Femoral    nerve.     Strength   of   •limulu*   ia 
Z  unite,  1,  485;  I,  2425;  3,  4850. 


In  our  experiments,  respiration  affected  in  no  manner  whatever  the 
production  of  the  fall  in  blood  pressure  upon  central  afferent  nerve 
stimulation.  Opening  the  thorax  had  no  effect  upon  the  production 
of  the  depressor  response  from  the  vasomotor  mechanism. 

With  a  rate  of  7  interruptions  per  second  we  found  it  extremely 
difficult  to  bring  about  pressor  responses  but  depressor  responses  were 
readily  elicited  regardless  of  the  condition  of  the  thorax. 
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The  average  thresholds  for  the  depressor  response  in  dogs,  8.3  with 
thorax  closed  and  7.3  with  thorax  opened,  are  about  the  same  as  that 
found  by  Martin  and  Lacey  upon  decerebrate  cats,  8.5  Z  units. 
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A  study  of  the  literature  dealing  with  the  innervation  of  the  stomach 
and  the  effect*  of  drugs  upon  it  discloses  that  all  such  investigations 
were  carried  out  on  the  whole  organ,  whether  in  situ  or  isolated.  There 
does  not  seem  to  have  been  any  consideration  given  to  the  possibility 
that  the  different  parts  of  the  viscus  may  have  different  innervations 
and  that  the  effect  of  a  given  drug  on  one  region  of  the  stomach  may 
not  necessarily  be  the  same  as  its  effect  on  another  portion  of  this 
organ. 

That  the  innervation  of  the  stomach  may  not  be  uniform  at  all 
points  and  in  all  animals,  at  least  in  as  far  as  the  sympathetic  nerve 
supply  of  it  is  concerned,  might  be  surmised  from  the  fact  that  dif- 
ferent observers  have  reported  varying  effects  on  the  movements  of 
this  organ  following  the  stimulation  of  the  splanchnic  nerves.  SchifT 
(1),  Morat  (2),  Dixon  (3)  and  others  have  shown  the  splanchnic*  to 
supply  motor  fibers  to  the  stomach,  while  Wertheimer  (4)  and  Elliott 
(5)  may  be  mentioned  among  those  observers  who  found  the  stomach 
movements  to  be  inhibited  from  the  stimulation  of  the  splanchnics. 
Openchowski  (6)  demonstrated  both  motor  and  inhibitory  effects  on 
the  stomach  of  the  dog  and  the  rabbit  following  stimulation  of  the 
splanchnics,  while  May  (7)  on  the  other  hand,  stimulating  the  same 
nerves  in  the  cat,  dog,  rabbit  and  monkey  observed  no  appreciable 
effects  on  its  movements. 

As  to  the  effects  of  drugs  on  the  movements  of  the  stomach,  the 
work  of  Schuti  <H)  may  be  mentioned,  who  limited  his  observations 
to  the  action  of  a  series  of  drugs  on  the  whole  isolated  stomach  of  the 

1  Home  of  (he  earlier  experiment*  of  this  research  were  carried  out  in  the 
pharmacological  laboratory  of  the  University  of  Michigan. 
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dog.    Later  Glaessner  (9)  made  similar  observations  on  the  whole 
excised  stomach  of  the  frog. 

The  action  of  suprarenal  extract  on  the  movements  of  the  stomach 
undoubtedly  received  the  greatest  attention  in  the  hands  of  various 
observers  but  no  uniform  results  have  been  reported.  Boruttau  (10) 
working  with  rings  of  the  frog's  stomach  found  that  suprarenal  extract 
caused  a  relaxation  of  tonus.  Elliott  (5)  observed  similar  effects  from 
the  extract  on  the  cat's  stomach,  as  did  Langley  (11)  in  the  case  of  the 
stomach  of  the  cat  and  the  rabbit.  Dixon  (3)  however  found  supra- 
renal extract  to  cause  tonic  contraction  and  augmented  automatic 
movements  of  the  frog's  stomach. 

METHOD    AND    SCOPE 

The  present  work  was  carried  out  on  strips  of  the  surviving  stomach 
suspended  in  oxygenated  Tyrode's  solution  kept  at  constant  body 
temperature.  The  movements  of  the  strips  were  recorded  on  a  slowly 
revolving  kymograph  by  means  of  a  light  heart  lever  sufficiently 
weighted.  The  drugs  were  added  in  definite  amounts  to  the  Tyrode 
solution  containing  the  suspended  strip.  Just  as  soon  as  the  effects  of 
a  drug  were  noted  the  solution  was  drawn  off  and  fresh  Tyrode's  solu- 
tion, warmed  to  body  temperature,  was  replaced.  A  period  of  at  least 
five  minutes  and  usually  a  longer  interval  of  time  elapsed  before  a 
second  trial  with  the  same  or  another  drug  was  made. 

The  strips  were  generally  taken  from  the  following  regions  of  the 
stomach:  (1)  antrum;  (2)  preantrum, — well  defined  in  the  rabbit's 
stomach,  less  so  in  that  of  the  cat  and  dog;  (3)  body  of  the  stomach, 
the  portion  extending  from  the  preantrum  to  a  point  opposite  the 
oesophageal  insertion;  (4)  fundus,  or  the  rounded  cuUde-sac  to  the 
left  of  the  oesophageal  orifice. 

In  most  cases  longitudinal  strips  were  used  though  at  times  strips 
corresponding  to  the  circular  as  well  as  the  oblique  fibers  of  the  stomach 
wall  were  employed.  No  material  difference  could  be  observed  in  the 
behavior  of  the  longitudinal,  circular  or  oblique  strips  of  a  given  region 
toward  the  drugs  used. 

Both  surfaces  of  the  stomach,  the  anterior  as  well  as  the  posterior, 
were  examined.  In  a  few  instances  strips  from  the  lesser  and  greater 
curvatures  were  employed  and  several  experiments  were  made  with  the 
pyloric  and  cardiac  sphincters.  At  least  two  experiments  were  carried 
out  for  each  region  of  either  surface.    As  a  rule  fresh  tissue  was  used 
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but  in  a  few  experiments  tissue  that  was  kept  in  the  cold  for  about 
twenty-four  hours  was  tiscd,  which  was  found  to  respond  perfectly 
well.  Strips  from  the  stomach  of  the  guinea  pig,  rabbit,  cat,  dog  and 
the  human  subject'  were  utilised  in  this  work. 

The  observations  were  limited  to  the  effects  of  those  drugs  that  act 
on  the  autonomic  nervous  system  in  the  hope  that  this  might  throw 
some  light  on  the  innervation  of  the  several  regions  of  the  stomach. 
Epinephrin  and  nicotine  were  used  as  acting  on  the  sympathetic  struc- 
tures,  "receptive  substance"  and  ganglia  respectively,  and  pilocarpine 
and  atropine,  acting  presumably  on  the  parasympathetic  endings  and 
antagonistic  to  each  other.  Barium  chloride  was  frequently  employed 
to  test  the  irritability  of  the  tissue.     Thus  if  a  strip  failed  to  respond  to 


Fig.  I.  Body  of  rabbit'*  stomach,  anterior  surface.  Contraction  and  in- 
creased tonus  from  1  mgm.  pilocarpine  hydrochloride.  Relaxation  from  0.1 
m|m.  atropine  sulphate.  (In  this  as  in  subsequent  tracings  contraction  is  indi- 
cated by  downward  movement  of  lever.) 

barium  it  was  not  considered  suitable  for  this  work,  and  it  was  dis- 
carded. It  may  be  remarked  however  that  often  stomach  strips 
failing  to  respond  to  barium  chloride  responded  perfectly  well  to 
pilocarpine. 

RESULTS 

Effects  of  pilocarpine  and  atropine.  Pilocarpine  and  atropine  pro- 
duced a  uniform  effect  upon  all  the  regions  of  the  stomach,  and  in  all 

'  Owing  to  the  kindness  of  the  medical  staff  of  the  University  Hospital  it  was 
pomible  for  me  to  secure  the  stomach  of  a  patient  who  died  about  three  hours 
pre vi iHi.lv  of  ruptured  snrurynm. 
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the  species  of  animals  studied.     Pilocarpine  uniformly   produced  a 
contraction  in  dilutions  of  from  1 :  10,000  to  1 :  100,000,  while  atropine 
antagonized  the  effects  of  pilocarpine  in  solutions  one-tenth  as  strong, 
and  produced  a  relaxation  of  the  tissues.     One  typical  illustration  of 
the  effects  of  pilocarpine  and  atropine  is  shown  in  figure  1.     On  adding 
1  mgm.  of  pilocarpine  hydrochloride  to   about  100  cc.  TyrodeVsolu- 
tion  in  which  a  strip  from  the  anterior 
surface   of  the  body  of    the   rabbit's 
stomach    was    suspended    a    marked 
contraction  resulted.    This  was  prompt- 
ly counteracted,  and  relaxation  occur- 
red, upon  the  addition  of  0.1   mgm. 
atropine  sulphate.    Similar  effects  were 
noted  from  these  drugs  on  the  pyloric 
and  cardiac  sphincters. 

Effects  of  nicotine.    A  solution  of  the 
hydrochloride   of    nicotine    was    used. 
The  effects  of  this  drug  were  noted  in 
dilutions  of  from  1:  10,000  to  1:  1,000, 
000  upon  all  regions  of  the  stomach,  in- 
cluding the  sphincters,  of  all  the  animals 
studied.    A  tonic  contraction  such  as 
is  shown  in  figure  2,  produced  by  3  mgm. 
nicotine  hydrochloride  added  to  about 
100  cc.  Tyrode's  solution  in  which  a 
strip  from  the  anterior  surface  of  the 
human  antrum  was  suspended,   is  the 
rule.*    The  contraction  usually  appear- 
ed promptly  and  soon  passed  off,   so        Fig.  2.  Human  stomach.    An- 
that  the  atrip  returned  to  its  original    trum,  anterior  surface.     Shows 
condition,  or  it  passed  into  a  state  of  tonic  contraction  from  3  mgm. 
relaxation.  The  shortness  in   duration   nicotine  hydrochloride, 
of  the  nicotine  contraction  in  the  above 

mentioned  concentrations  does  not  seem  to  be  due  to  a  paralysis  of 
any  local  nerve  mechanism  for  the  addition  of  another  dose  of  the 
drug  to  the  same  solution  often  produced  a  similar  contraction,  and 
repeated   contractions  were  obtained  from  successive   doses   of   the 


1  In  a  number  of  experiments  no  effect  could  be  obtained  from  n 
though  the   strips  contracted  spontaneously  and  responded  well   to  the  other 
drugs  employed. 
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drug  when  added  to  fresh  Tyrode'e  solution  at  short  intervals  of 
time. 

Occasionally  the  contraction  produced  by  nicotine  was  preceded  by 
a  slight  relaxation.  This  was  noted  in  a  few  instances  in  the  case  of 
the  antrum,  body  and  fundus  of  the  rabbit's  stomach.  The  cardiac 
sphincter  of  the  cat's  stomach  relaxed  from  nicotine,  while  the  fundus 
relaxed  in  one  experiment  and  contracted  in  two. 


Effect  of  tpinepkrin 


TABLE  1 

*  tha  different  regions  of  tke  tlomor.h 
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Relaxation 

Fundus 
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Relaxation 

Contrac- 

Cardiac 
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Contrac- 

Contrac- 

tion                  tiuu 

*  Deviation*  from  thia  are  diecusaed  in  the  text. 

Effect*  of  epinephrin.  The  hydrochloride  of  epinephrin'  was  used 
in  dilutions  varying  from  1 :  100,000  to  1 :  10,000,000.  The  results  of 
this  drug  are  best  presented  in  table  form,  from  which  it  will  appear 
that  the  response  of  the  various  at  rips  to  it  is  not  the  same  for  all  regions 
of  the  stomach,  nor  do  the  strips  of  the  same  region  of  different  animal* 
respond  alike. * 

*  Made  from  adrenalin  of  Parke,  Davis  and  Company. 

'  It  may  be  recalled  that  small  dium  at  epinephrin  may  produce  the  opposite, 
effect  of  a  larger  doe*.  Thia  waa  constantly  borne  in  mind  and  for  each  result 
in  the  accompanying  table  aeveral  trials  were  made  with  varying  doaea. 


d  by  Google 


ACTION   OF  AUTONOMIC   DRUGS  ON   SURVIVING   STOMACH 


237 


The  body  of  the  stomach  of  the  guinea  pig,  the  only  portion  of  this 
animal's  stomach  definitely  worked  out,  presented  a  different  reaction 
to  epinephrin  for  its  two  surfaces  and  curvatures.  Thus  while  the 
anterior  surface  and  greater  curvature  relaxed,  the  posterior  surface 
and  lesser  curvature  strongly  contracted. 

In  the  other  animals  in  which  a  com- 
plete record  was  obtained  for  all  the 
regions  of  the  stomach,  considerable 
differences  also  prevailed.  All  the  re- 
gions of  the  cat's  stomach,  with  the 
exception  of  the  sphincters,  relax  from 
epinephrin.  The  stomach  of  the  rab- 
bit, however,  as  well  as  that  of  the 
dog  contracts  in  the  main  from  epi- 
nephrin, although  some  regions  relax. 
Thus,  the  antrum  and  the  preantrum 
are  the  only  parts  of  the  -  rabbit's 
stomach  that  definitely  and  constantly 
relax.  In  one  experiment  the  poste- 
rior Burface  of  the  body  of  the  rabbit's 
stomach  was  noted  to  slightly  relax 
before  contracting  (fig.  3).  The  region 
of  the  dog's  stomach  that  uniformly 
relaxed  from  epinephrin  is  the  prean- 
trum. Strips  from  the  antrum  repeat- 
edly failed  to  respond  in  any  manner 
even  though  they  were  beating  spon- 
taneously and  responded  to  barium 
chloride,  pilocarpine,  atropine  and 
nicotine  with  great  avidity.  The  body 
and  the  fundus  of  the  dog's  stomach 
were  found  to  uniformly  contract. 

That  the  reaction  of  the  larger  part  chIoride- 
of  the  rabbit's  and  the  dog's  stomach  to  epinephrin  by  a  contrac- 
tion is  not  merely  a  peculiarity  of  surviving  tissue  but  that  the 
same  reaction  prevails  in  the  living  animal  was  verified  by  two 
experiments  on  the  rabbit  and  one  on  the  dog  in  which  the  move- 
ments of  the  stomach  in  situ  and  the  reaction  to  epinephrin  were 
observed. 
The  animals  were  anesthetized,  submerged  in  a  bath  of  normal  saline 


Fig.    3.     Body  of  rabbit's 

stomach,  posterior  surface. 
Strong  contraction  preceded 
by  slight  relaxation,  produced 
by  0. 1  mgm .  epinephrin  hydro- 
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at  38°C,  the  stomach  exposed  by  a  median  incision  of  the  abdomen 
and  the  Cushny  myocardiograph  tied  into  the  anterior  surface  of  the 
body  of  the  stomach  to  record  the  movements  of  a  strip  of  about  4  cm. 


Fig.  4.  Kffrct  of  fpint-jihrin  mi  the  movements  of  the  hotly  of  the  rahhii'i 
Momach  in  situ.  I'pper  tracing,  movi-mcnl*  of  stomach;  middle  tracing.  Mood 
prcwiiirc;  lower  trnring.  time  in  N-eanda.  Note  the  contraction  of  this  portion 
of  the  stomach  following  the  rise  in  hlooil  pressure. 

thereof.  The  blood  pressure  wan  recorded  at  the  same  time*  Follow- 
ing the  injection  of  a  small  dose  of  epinephrin  into  the  jugular  vein 
then'  was  the  usual  rise  in  blood  pressure,  and  a  well  marked  contrac- 

'  In  the  dog  the  vagi  were  divided  and  artificial  respiration  administered. 
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tion  of  the  portion  of  the  stomach  recorded,  which  lasted  about  the 
same  length  of  time  as  the  rise  in  blood  pressure  (fig.  4). 

The  effect  of  epinephrin  on  strips  of  the  human  stomach  was  that  of 
relaxation  in  as  far  as  it  was  possible  to  ascertain  by  the  available 
material.  Both  surfaces  of  the  antrum  and  the  body  of  the  human 
stomach  were  found  to  relax  from  this  drug. 

The  effects  of  epinephrin  on  the  sphincters  were  obtained  with 
difficulty.  The  excised  muscle  of  the  sphincter  is  strongly  contracted 
and  thus  responds  slightly  if  at  all  to  augmentory  drugs.  The  pyloric 
sphincter  of  the  stomach  of  the  cat,  rabbit  and  the  human  subject  was 
found  to  contract  slightly  in  a  few  instances  while  in  most  cases  no 
reaction  could  be  obtained.  The  cardiac  sphincter  of  the  cat's  stom- 
ach contracted  well  from  epinephrin  and  that  of  the  dog's  stomach 
but  slightly.  The  cardiac  sphincter  of  the  rabbit's  stomach  failed  to 
respond  to  this  drug.  It  would  seem  that  when  a  reaction  to  epineph- 
rin is  obtainable  with  the  sphincters,  it  is  a  contraction,  which  is  in 
agreement  with  the  observations  of  Elliott  on  the  effects  of  epinephrin 
on  the  pyloric  sphincter  of  the  cat  (5).  Langley  (11)  however  has 
shown  that  suprarenal  extract  (1  cc.  "tabloid  1  in  6")  produced  a  relax- 
ation of  the  cardiac  sphincter  of  the  rabbit.  I  am  unable  to  corrob- 
orate this  observation  by  the  method  I  have  used,  and  I  can  not 
account  for  the  disparity  of  results. 

DISCUSSION 

The  interpretation  of  the  results  obtained  with  pilocarpine  and 
atropine  upon  the  stomach  is  rather  dubious.  The  action  of  these 
drugs,  it  is  generally  held,  is  upon  the  parasympathetic  nerve  endings 
and  it  was  hoped  that  the  reaction  of  strips  from  different  regions  of 
the  stomach  to  them  might  show  the  distribution  of  the  vagus  nerve 
to  this  organ.  The  uniform  response  of  the  various  strips  to  pilo- 
carpine by  a  contraction,  and  to  atropine  by  a  relaxation  cannot  be 
taken  however  as  evidence  that  all  the  regions  of  the  stomach  are  sup- 
plied by  motor  fibers  from  the  vagus,  since  it  has  been  shown  by  Open- 
chowski  (6),  Langley  (12),  May  (7),  Elliott  (5)  and  others  that  stimu- 
lation of  the  vagus  relaxes  at  least  some  parts  of  the  stomach,  especially 
the  region  of  the  cardia.  It  must  be  remarked  however  that  the  relax- 
ation of  part  or  all  of  the  stomach  from  vagus  stimulation  as  reported 
in  the  literature  is  a  primary  effect  and  that  the  secondary  effect,  it  is 
generally  agreed,  is  a  powerful  contraction  of  the  whole  organ.     It 
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may  well  be  that  the  primary  relaxing  effect  upon  some  parts  of  the 
stomach  resulting  from  stimulation  of  the  vagus  cannot  be  demon- 
strated on  excised  tissue.  This  is  made  more  probable  by  the  obser- 
vation of  Langley  (12)  that  frequently  the  primary  as  well  as  the 
secondary  effect  from  vagus  stimulation  is  a  contraction,  and  that  in 
the  exposed  stomach  the  vagus  inhibitory  effects  are  less  marked  and 
often  inconstant.  The  other  alternative  is  that  the  contraction  pro- 
duced on  all  the  parts  of  the  stomach  by  pilocarpine  is  due  to  some 
mechanism  other  than  through  the  vagus. 

No  very  clear  explanation  can  be  set  forth  for  the  effects  of  nicotine 
upon  the  different  regions  of  the  stomach.  It  was  found,  as  pointed 
out  earlier,  that  as  a  rule,  whenever  effective,  nicotine  produces  a  con- 
traction. In  about  one-third  of  the  number  of  experiments,  however, 
(about  twenty  out  of  fifty-five),  the  tissues  although  beating  spon- 
taneously and  reacting  well  to  the  other  drugs,  failed  to  react  to  nico- 
tine. Is  this  motor  effect  of  nicotine  when  elicited  to  be  ascribed  to 
its  action  on  ganglia,  and  is  a  positive  effect  on  a  given  strip  to  mean 
the  presence  of  ganglia,  while  a  negative  result  is  to  indicate  absence  of 
ganglia  in  that  particular  strip?  Such  an  explanation  is  plausible 
although  it  can  not  be  stated  with  any  degree  of  definitenees.  While 
there  are  ganglionated  structures  scattered  all  through  the  walls  of 
the  stomach  (plexuses  of  Auerbach  and  Meissner),  special  groups  have 
been  shown  to  occur  in  greatest  abundance  in  the  pyloric  and  cardiac 
regions  (Openchowski  (6),  Keith  (13)).  An  analysis  of  my  experiments 
does  not  show  strips  from  these  regions  to  respond  to  nicotine  more 
frequently  than  strips  from  other  regions.  Indeed,  the  greatest  num- 
ber of  failures  to  respond  to  this  drug  occurred  among  the  strips  taken 
from  the  antrum,  while  those  from  the  preantrum  responded  in  all 
cases.  Stripe  from  the  fundus  (region  of  the"  cardta)  compare  with 
those  taken  from  the  body  of  the  stomach  as  regards  their  reaction  to 
nicotine. 

The  significance  of  tbe  reaction  of  the  different  regions  of  the  stom- 
ach to  epinephrin  is  clear.  Lewandowski  (14),  Langley  (11),  Elliott 
(5)  and  others  have  shown  that  the  effect  of  epinephrin  on  a  tissue 
corresponds  to  the  stimulation  of  the  sympathetic  innervation  thereof 
and  that  the  action  of  the  drug  is  augmentory  or  inhibitory  depending 
upon  as  to  whether  the  corresponding  sympathetic  nerve  supply  is 
motor  or  inhibitory.  The  different  reactions  of  the  various  strips  to 
epinephrin  clearly  show  (hat  the  sympathetic  innervation  of  the  stom- 
ach is  not  the  same  in  all  animals  and  is  different  for  different  regions 
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of  the  stomach  in  the  same  animal.  It  appears  that  of  the  usual 
laboratory  animals  the  cat  alone  has  an  inhibitory  sympathetic  nerve 
supply  of  the  whole  stomach,  with  the  exception  of  the  sphincters. 
This  confirms  the  observations  of  Elliott  (5)  who  found  by  recording 
the  volume  changes  of  the  cat's  stomach  a  complete  relaxation  of  the 
whole  organ  upon  the  administration  of  epinephrin  as  well  as  upon  the 
stimulation  of  the  splanchnics. 

The  sympathetic  innervation  of  the  rabbit's  and  dog's  stomach 
on  the  other  hand,  is  augmentory  in  the  main,  except  that  of  the  an- 
trum and  preantrum  of  the  former  and  the  preantrum  of  the  latter 


Fig.  5.  Body  of  dog's  stomach.  Posterior  surface.  Effect  ot  epinephrin 
before  and  after  ergotoxine.  a,  0.1  mgm.  epinephrin  causes  a  contraction. 
b,  0.2  mgm.  epinephrin,  after  2  mgm.  ergotoxine,  produces  a  relaxation. 

animal,  s'nce  only  (he  antrum  and  preantrum  of  the  rabbit  and  the 
preantrum  of  the  dog  relax  from  epinephrin,  while  the  other  regions 
contract. 

That  the  parts  of  the  dog's  stomach  (and  probably  of  the  rabbit's 
as  well)  contracting  from  epinephrin  are  not  devoid  of  sympathetic 
inhibitory  fibers,  was  shown  by  the  application  to  the  stomach  of 
Dale's  epinephrin  vasomotor  reversal  produced  by  ergotoxine  (15). 
A  strip  from  the  posterior  surface  of  the  body  of  the  dog's  stomach  was 
suspended  in  the  usual  manner  in  Tyrode's  solution  and  treated  with 
a  small  dose  of  epinephrin.  The  usual  contraction  followed.  The 
solution  was  withdrawn,  fresh  Tyrode's  solution  replaced  and  about 
2  mgm.  ergotoxine  were  added  to  this.     After  a  few  minutes  the  reac- 
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tion  of  the  strip  to  epinephrin  was  again  tested.  Instead  of  the  usual 
oontraction  a  very  marked  relaxation  occurred  (fig.  5).  A  similar 
reversal  was  obtained  in  another  experiment  on  the  fundus  of  the  dog's 
stomach  This  proves  in  another  way  the  earlier  observation  of 
Openchowski  (6)  that  the  sympathetic  nerve  supply  of  the  dog's  stom- 
ach is  both  motor  and  inhibitory. 

The  sympathetic  innervation  of  the  human  stomach,  as  can  be 
inferred  from  the  reaction  of  the  strips  to  epinephrin,  is  inhibitory, 
except  of  course  the  sphincters. 

It  seems  contrary  to  expectations  that  the  innervation  of  the  dog's 
stomach  is  more  like  that  of  the  rabbit's  than  that  of  the  cat's.  Besides 
the  dog  being  a  carnivorous  animal  like  the  cat  and  unlike  the  rabbit, 
it  is  a  matter  of  common  observation  that  anatomically  the  dog's 
stomach  conforms  more  closely  to  that  of  the  cat  than  to  that  of  the 
rabbit.  Physiologically  too,  in  the  matter  of  absorption,  and  the  ease 
with  which  the  dog  can  be  induced  to  vomit  would  put  his  stomach 
nearer  that  of  the  human  and  the  cat  than  that  of  the  rabbit.  It  is 
perhaps  justifiable  to  conclude  that  the  sympathetic  innervation  of 
the  stomach  has  nothing  to  do  with  the  process  of  vomiting  since  the 
innervation  of  the  stomach  of  the  dog  that  can  be  induced  to  vomit 
very  readily  is  very  much  like  the  sympathetic  innervation  of  the 
stomach  of  the  rabbit,  that  is  entirely  incapable  of  vomiting. 

BL1UIARY   AND  CONCLUSIONS 

1.  Pilocarpine  causes  a  contraction  of  all  regions  of  the  surviving 
stomach  of  the  guinea  pig,  rabbit,  cat,  dog  and  the  human  sub- 
ject. Atropine  antagonises  the  action  of  pilocarpine  and  produces  a 
relaxation. 

2.  Nicotine  likewise  produces  a  contraction  of  all  parts  of  the  stom- 
ach of  the  animals  enumerated,  except  some  parts  of  the  cat's  stomach 
(fundus,  cardiac  sphincter)  which  may  relax,  and  some  parts  of  the 
rabbit's  stomach  (antrum  and  body)  which  may  slightly  relax  before 
contracting. 

3.  The  reaction  of  the  different  parts  of  the  stomach  to  epinephrin 
may  be  that  of  relaxation  (cat  and  human),  or  relaxation  of  some  parts 
and  contraction  of  others  (guinea  pig,  rabbit,  dog).  The  reaction  of 
the  sphincters  to  epinephrin  is  always  that  of  contraction. 

4.  Those  regions  of  the  dog'*  stomach  that  contract  from  epinephrin 
can  l«  made  to  relax  therefrom  after  rrgotoxinc,  showing  that  there  is 
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an  inhibitory  sympathetic  innervation  to  those  parte  as  well  as  an 
augmentory,  although  the  latter  predominates  normally. 

5.  It  is  concluded  from  this  that  the  sympathetic  innervation  of  the 
stomach  is  inhibitory  in  some  animals  (cat.  and  the  human),  while  in 
other  animals  (guinea  pig,  rabbit  and  dog)  it  is  inhibitory  for  certain 
regions  and  predominantly  augmentory  for  others. 

The  sympathetic  innervation  of  the  sphincters  of  the  stomach 
appears  to  be  augmentory. 
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introduction 

This  paper  is  the  first  of  a  series  of  experimental  studies  on  the 
various  physiological  and  anatomical  factors  which  tend  to  bring  about 
the  relatively  constant  temperature  found  in  birds  and  mammals. 

It  is  commonly  agreed  that  two  fundamental  processes  arc  involved 
in  the  regulation  of  temperature:  heat  production  and  heat  dissipation. 
Anything  which  increases  destructive  metabolism  increases  beat  pro- 
duction and  tends  to  bring  about  a  corresponding  rise  in  body  tem- 
perature. If,  on  the  other  hand,  the  heat  production  remains  con- 
stant, the  temperature  varies  according  to  the  amount  of  heat  given 
off  or  retained.  It  is  recognised  that  loss  of  heat  occurs  through 
radiation  and  conduction  and  through  evaporation  of  water.  The  kiss 
through  radiation  and  conduction  is  affected  by  vasomotor  changes; 
that  by  evaporation  is  affected  by  vasomotor  changes  and  by  the  rate 
of  activity  of  the  sweat  glands  and  by  the  rate  and  depth  of  the  breath- 
ing movements.  Body  temperature  must  be  thought  of,  therefore,  as 
a  balance  between  heat  production  and  heat  dissipation,  the  balance 
remaining  fairly  constant  in  all  warm-blooded  animals. 

How  is  the  balance  maintained?  Many  workers  have  assumed  the 
existence  in  the  brain  of  a  convenient,  hypothetical  "heat  center," 
which  acts  as  a  thermo-regulator,  automatically  altering  the  heat  pro- 
duction or  dissipation  so  as  to  maintain  the  balance  in  ordinary  con- 
ditions. If  the  center  is  stimulated,  a  higher  temperature  results;  if 
it  is  depressed  or  destroyed,  the  temperature  falls.  These  writers  have 
244 
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differed  among  themselves  as  to  the  location,  number  and  exact  func- 
tion of  the  centers  assumed. 

In  contrast  to  these  views,  others  think  of  the  heat  regulation  as 
analogous  to  the  regulation  of  blood  pressure.  The  control  of  blood 
pressure  is  never  ascribed  to  a  specific  center  but  is  regarded  rather  as 
the  mean  result  of  various  physico-chemical  factors.  There  is  an  even 
greater  constancy  in  the  acidity  and  calcium  content  of  the  blood, 
which  is  accounted  for  by  physical  and  chemical  equilibria  without 
the  intervention  of  special  "centers."  A  similar  balance  between  heat 
production  and  heat  loss  might  well  result  in  a  constant  body  tem- 
perature. It  does  not  seem  to  have  been  thought  necessary  to  assume 
"centers"  for  the  control  of  the  osmotic  pressure  of  the  blood  nor  of 
the  number  of  red  corpuscles  to  the  cubic  millimeter. 

As  Henderson  (1)  says: 

Further  research  reveals  similar  equilibria  concerning  carbon,  sulphur,  phos- 
phorus and  other  elements  ....  water,  salt,  sodium  bicarbonates,  glu- 
cose and  the  like.  It  is  perceived  that  the  equilibria  of  temperature,  of  volume, 
of  alkalinity,  which  involve  physico-chemical  states  are  truly  analogous  phe- 
nomena. 

Since  the  available  experimental  evidence  for  a  specific  temperature 
regulatory  mechanism,  though  profuse,  is  conflicting  and  often  uncon- 
vincing, it  seemed  worth  while  to  investigate  further  the  factors  con- 
cerned. Before  beginning  the  experiments  necessary  for  this  purpose, 
it  was  imperative  to  determine,  first,  the  range  of  normal  temperature 
of  the  animals  used;  and  second,  the  variable  conditions  which  might 
exert  an  effect  on  their  temperature  and  thus  prove  a  source  of  error 
in  the  experimental  results.  With  this  object  in  view  the  observations 
recorded  below  were  obtained.  Rabbits  were  employed  as  the  experi- 
mental animals. 

The  author  gratefully  acknowledges  the  guidance  of  Prof.  S.  S.  Max- 
well in  this  investigation. 

I.  THE  NORHAL  TEMPERATURE  OF   THE  RABBIT 

It  is  impossible  to  establish  a  temperature  norm  for  the  rabbit  be- 
cause of  its  extreme  variability  in  this  animal.  The  range  however,  has 
rather  definite  limits.  Pembrey  (2)  gives  extremes  of  37°  and  40.8°C; 
Simpson  and  Galbraith  (3)  39°  and  40°C. ;  Krehl  (4)  38.3°  and  39.9°C. ; 
Freund  (5)38.6°  and  39.6°C.;  Davidson  and  Friedman  (6)  38.5°  and 
40°C;     Bock(7)38.6°and40.9°C;    Burnett  (8)  38.6°  to  40°C;     Hale 
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Chart  1.  Daily  temperature  variations  in  rabbit  7.  Onlinntea,  degree* 
Centigrade;  abscissae  time  in  hours.  /,  November  17;  I,  November  13;  3,  No- 
vember 7;  4,  November  34. 
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Chart  3.     Daily   temperature   variation*    in   rabbit    10.     Ordinate*,   degree* 
Centigrade;  aWimiae  time  in  hour*,     i,  Dcrernl>er5;  I,  December  6i  S,  December 
7;  4.  December  14. 
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White  (9)  37.3°  and  39.9°C.  Frothingham  and  Minot  (10)  decide 
from  a  series  of  two  readings  daily  that  although  these  and  other  ob- 
servers find  variations  from  2°  to  4°C.  a  constant  range  of  2°C.  would 
be  utilizable  in  drawing  valid  conclusions  in  experimental  work.  The 
data  given  in  this  article  were  obtained  from  observations  on  22  rabbits. 
The  observations  extended  over  a  period  of  eighty-Bix  days  and  included 
774  readings. 

Method.  The  rabbits  were  kept  in  large  boxes  in  the  experimental 
room  and  were  never  moved  except  to  make  £he  observations.  They 
were  then  handled  in  such  a  way  as  to  cause  as  little  excitement  as  pos- 
sible, struggling  seldom  occurring.  They  were  fed  on  barley  and  hay 
daily  about  6  p.m.  The  temperature  was  taken  per  rectum  by 
standardized  clinical  thermometers  inserted  to  a  depth  of  two  or  more 
inches  and  left  in  for  two  minutes.  The  temperatures  were  recorded 
hourly  from  8  a.m.  to  6  p.m.  and  in  many  cases  to  9  or  10  p.m.  The 
observations  of  eleven  rabbits  were  made  on  from  two  to  thirteen  suc- 
cessive days,  the  animals  being  kept  as  nearly  normal  as  possible  in 
the  meantime.  In  the  remaining  cases  the  readings  were  taken  during 
a  single  day  for  each  rabbit. 

Charts  1  and  2  are  specimen  curves  of  the  daily  temperature  varia- 
tions of  two  rabbits.  In  some  cases  the  range  was  much  greater,  one 
varying  from  38.4°  to  41.2°C.  in  the  course  of  one  day.  The  extreme 
of  all  observations  were  38.2°  and  41.4°C.  The  mean  was  39.68°C. 
The  variability  range  within  which  two-thirds  of  the  normal  readings 
should  fall  was  calculated  by  statistical  methods  and  found  to  be 
39.4°  and  39.9°C. 

These  figures  and  curves  show  that  one  temperature  observation 
cannot  be  used  as  the  norm  for  that  rabbit.  A  change  above  or  below 
this  one  reading  cannot  be  considered  to  be  experimentally  produced 
unless  it  is  great  enough  to  fall  beyond  the  range  of  normal  variability. 
Some  workers  consider  a  steady  rise  or  fall  as  experimental  compared 
with  the  fluctuating  normal.  It  is  conceivable  that  the  range  would 
need  to  be  determined  for  any  given  experimental  environment.  The 
extremes  obtained  in  this  series  were  in  all  cases  higher  than  those  re- 
ported by  others.  In  no  case  was  a  normal  temperature  below  38°C . 
observed,  although  other  investigators  frequently  report  a  minimum 
between  37°  and  38°C.  It  might  be  well  to  state  that  the  majority  of 
my  experiments  were  performed  in  California  during  the  months  from 
August  to  May.  A  smaller  number  were  carried  on  in  Idaho  in  the 
months  of  June  and  July.    There  was,  however,  no  noticeable  differ- 
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ence  in  the  average  range  of  temperature  in  the  two  series.    In  neither 
case,  however,  was  the  external  temperature  extremely  low. 


II.   ZPTBCT  OP   EXERCISE,    FOOD,    BEX,   POSTURE,    ON  THE  TEMPERATURE 
OP  THE  RABBIT 

A.  Exercise.  Kraus  (11)  reports  that  a  rabbit  in  a  treadmill  showed 
a  rise  from  39.05°  to  40.1°C.  during  seven  minutes'  work,  the  tempera- 
ture returning  to  normal  in  thirty  minutes.    This  accords  with  the 
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Chart  3.  Temperature  varintions  in  three  rabbits  fnntonod  to  operating 
boards.  Ordinal™,  degrees  Centigrade;  abscissae  time  in  hours.  T,  tied; 
P.  free. 

well  known  effects  of  exercise  on  the  temperature  of  man  and  other 
animals.  No  exact  observations  were  made  in  this  series;  rare  was 
taken,  however,  in  even-  experimental  cose  to  prevent  unusual  mus- 
cular movements. 

H.  Footl.  The  rise  in  temperature  after  the  taking  of  food  is  also 
familiar.  After  feeding,  the  rabbits  used  in  these  experiments  showed 
a  rise  of  0.5V.  or  more.  Inanition  results  in  a  corresponding  fall. 
The  temperature  of  one  rabbit  varied  from  3(1.5"  to  32°(.\  during  two 
weeks'  starvation.     All  the  animals  irte.l  in  this  series  were  fed  regu- 
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larly  and  never  prior  to  nor  during  an  experiment,  thus  eliminating  any 
possible  marked  deviation  due  to  feeding. 

C.  Sex.  It  has  been  reported  that  the  temperature  of  females  often 
ranges  slightly  above  that  of  the  males.  The  observations  on  normal 
rabbits  cited  above  tend  to  confirm  this. 

D.  Posture.  It  is  well  known  that  the  temperature  of  rabbits  falls 
when  they  are  tied  down.  Kraus  (11)  noted  a  fall  of  0.2°  to  0.4°C.  in 
five  to  ten  minutes.     Chart  3  gives  the  temperature  changes  which  I 
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Chart  4.  Temperature  variations  due  to  ether  anaesthesia.  Ordinates,  de- 
grees Centigrade;  abscissae,  time  in  hours.  I,  Rabbit  6,  ether  administered  for 
twenty  minutes;  f,  rabbit  5,  ether  administered  for  twenty  minutes;  S,  rabbit 
4,  ether  administered  for  five  minutes.    B,  Ether. 

found  in  rabbits  fastened  to  an  operating  board,  back  uppermost,  for 
varying  length  of  time.  The  eight  cases  recorded  gave  a  fall  of  1°  to 
2°C.  in  one  and  one-half  to  two  hours.  After  reaching  the  minimum,  the 
temperature  remained  practically  stationary  as  long  as  the  rabbits  were 
kept  in  that  position,  except  that  occasionally  struggling  caused  a  rise 
of  0.2°  to  0.3°C. 

It  would  seem  advisable  in  cases  in  which  it  is  necessary  to  keep  a 
rabbit  extended  for  any  length  of  time,  to  obtain  this  minimum  tem- 
perature before  attempting  to  secure  experimental  changes.    After 
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releasing  the  rabbits,  the  temperature  rose  generally  0.1   to  0.5°C. 
higher  than  at  the  beginning  of  the  experiment.    The  extremes  were 

36.95°  and  39.7°C. 

III.    EFFECTS  OF    ANABBTHBTIC8  ON    TUB  TBHPHRATUBI  OF    TUB  BABBIT 

Anaesthetics  in  general  are  reported  as  causing  a  lowering  of  body 
temperature  during  and  following  their  administration.  Ether,  ac- 
cording to  Angelesco  (12)  causes  a  fall  until  the  animal  "comes  out," 
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Chart  S.  Temperature  variation!  following  trephining  of  the  skull  under 
nitrous  oxide  anaesthesia.  Ordinate*,  degrees  Centigrade;  mWiaoae,  time  in 
hour*.    T,  trephine. 

and  then  a  rise.  The  fall  is  due  to  vasodilatation  and  lessened  muscu- 
lar activity  and  tonus.  Hale  White  (9)  as  preliminary  to  experiments 
on  the  "heat  centers"  tested  the  effect  of  ether  and  concluded  that  it 
did  not  cause  an  abnormal  temperature.  Most  workers,  however, 
agree  that  there  is  a  fall  in  ether  anaesthesia  amounting  often  to  as 
much  as  5°('. 

Inconsistencies  in  the  results  obtained  in  experimental  work  in  this 
laboratory  in  relation  to  temperature  led  to  a  reinvestigation  of  the  ef- 
fects of  ether  and  nitrous  oxide  on  body  temperature.     Chart  4  gives 
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specimen  curves  of  the  temperature  variations  due  to  ether  anaesthesia. 
It  will  be  noted  that  there  is  a  fall  of  1.5°C.  in  the  first  hour  after  the 
cessation  of  etherization,  followed  by  a  rise  of  1°C.  above  the  initial 
temperature  in  the  subsequent  two  hours.  The  extremes  were  37.4° 
and  40.9"C.  Most  writers  fail  to  report  the  final  rise.  Nitrous  oxide 
gas  gave  similar  changes  but  within  narrower  limits.  In  ten  other 
observations  on  the  effects  of  ether  and  of  nitrous  oxide  on  temperature 
and  in  some  two  hundred  operative  experiments  on  rabbits  in  which 
ether  or  nitrous  oxide  was  used  as  an  anaesthetic  similar  changes  were 
noted. 

IV.  THE  EFFECT  OF  OPFRATIVE  PROCEDURE  ON  THE  TEMPERATURE 
OF  THE  RABBIT 

Hale  White  (9)  reports  dummy  experiments  in  which  trephine  open- 
ings were  made  in  the  skull.  In  some  cases  the  white  matter  was  in- 
jured. He  finds  abnormal  temperatures  in  only  a  few  cases.  His 
readings,  however,  were  taken  at  intervals  of  several  hours  so  that  if 
high  temperatures  occurred  he  might  easily  have  failed  to  observe 
them. 

In  three  rabbits  in  this  series  trephine  openings  were  made  in  the  skull 
under  ether  or  nitrous  oxide  anaesthesia.  They  all  showed  an  initial 
fall  of  1°  to  2°C.  followed  by  a  rise  of  more  than  1"C.  above  normal. 
The  extremes  were  36.9°  and  40.9°C  Chart  5  gives  a  specimen  curve 
of  the  above. 


1.  The  normal  range  of  variability  in  the  temperature  of  the  rabbits 
used,  including  daily  variations,  was  found  to  be  between  39.4°  and 
39.9°C.  with  an  average  of  39.68°C.  and  extremes  of  38.2°  and  41.4°C. 

2.  Anaesthetics  necessary  in  operative  procedure  cause  a  marked 
variation  in  the  temperature  of  the  rabbit;  ether  an  average  fall  of  1.4  °C. 
followed  by  an  average  rise  of  1°C.  above  the  initial  temperature; 
nitrous  oxide  gas  a  similar  but  less  marked  change.  The  extremes  were 
37.4°  and  40.9°C. 

3.  The  temperature  of  rabbits  which  are  tied  down  falls  1°  to  2°C. 
in  one  to  two  hours  and  remains  stationary  until  they  are  released. 
It  then  rapidly  rises  to  0.5"C.  above  the  initial  temperature.  The 
extremes  were  36.95°  and  39.7°C. 

4.  Operative  procedure  such  as  trephining  the  skull  causes  an  aver- 
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age  fall  of  1.9°C.  followed  by  a  rise  of  1°C.  or  more  above  the  initial 
temperature.     The  extremes  were  36.9°  and  40.8°C. 

CONCLUSION 

Hyperthermia  in  rabbits  cannot  be  considered  to  be  experimentally 
produced  unless  it  exceeds  the  normal  and  operative  variations. 
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HISTORICAL  STATEMENT 

A  rise  in  temperature  following  injury  to  various  parte  of  the  brain 
tissue  of  the  rabbit  was  long  ago  reported  by  Tscheschichin  (1),  Schrieber 
(2),  Bruck  and  Gunther  (3),  Eulenberg  and  Landois  (4)  and  others. 
The  rise  was  generally  accompanied  by  muscular  spasms.  Aronsohn  '■ 
and  Sachs  (-5)  in  1885  first  described  "heat  puncture"  caused  by  punc- 
turing or  otherwise  injuring  or  stimulating  the  medial  side  of  the 
corpus  striatum.  They  reported  a  rise  of  1.7  to  2.4°C.  lasting  several 
days.  These  observations  led  to  the  theory  that  there  exists  in  the 
brain  of  birds  and  mammals  a  special  "heat  center"  which  automati- 
cally regulates  the  heat  production  and  dissipation  in  such  a  way  as  to 
maintain  a  constant  body  temperature. 

Subsequent  investigators  affirm  the  existence  of  various  other  "heat 
centers;"  Ott  (6)  locates  the  "center"  in  the  corpus  striatum,  optic 
thalamus,  tuber  cinereum  and  pons;  Girard  (7)  in  the  corpus  striatum, 
optic  thalamus,  septum  pellucidum  and  corpus  callosum;  Steeratb  (8)  "' 
in  the  optic  thalamus;  Aisensftat  (9),  Gottlieb  (10),  Itd-'(Il),  Babinsky 
and  Lehmann  (12)  and  Nikolaides  and  Dontas  (13)  in  the  corpus 
striatum;  Hale  White'  (14)  in  the  corpus  striatum  and  optic  thalamus; 
Jacobj  and  Roemer  (15)  in  the  lateral  ventricles;  Isenschmidt  and  Krehl 
(16)  in  the  tuber  cinereum;  Citron  and  Leschke  (17)  somewhere  above 
the  corpora  quadrigemina. 

Recent  work  by  Barbour  and  Wing  (IS),  Demming  (19),  Prince  (20) 
and  Hashimoto  (21)  in  Hans  Meyer's  laboratory  in  Vienna,  consists  in 
the  application  of  pyretics  and  antipyretics  to  the  "heat  centers," 
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which  they  find  to  be  in  the  mid-ventral  part  of  the  caudate  nucleus 
of  the  corpus  striatum.  This  center  they  consider  to  be  dual  in  nature, 
that  is,  made  up  of  a  thermogenic  or  heat  center,  and  a  tbermolytic  or 
cold  center.  Pyretics  stimulate  the  former  and  depress  the  latter; 
antipyretics  have  a  reverse  action.  They  say,  incidentally,  that  is 
some  cases  of  puncture  a  fall  instead  of  a  rise  in  temperature  was  ob- 
tained. Their  work  is  confirmed  by  Cloetta  and  Waser  (22).  A  num- 
ber of  other  investigators  locate  a  special  temperature  regulatory 
"center"  somewhere  in  the  brain. 

The  above  evidence  would  seem  to  indicate  that  a  special  "heat 
center"  does  exist  in  the  brain.  The  results  and  conclusions  are,  how- 
ever, in  many  cases  open  to  criticism. 

"Puncture  fever"  as  described  by  Brack  and  Gunther  (3),  by 
Bchrieber  (2)  and  others  was  accompanied  by  muscular  spasms,  the 
heat  production  from  which  would  need  to  be  considered  before  the 
rise  in  temperature  could  be  said  to  be  produced  by  injury  to  a 
heat  center. 

Aronsohn  and  Sachs  (5)  did  not  obtain  uniformly  high  temperatures 
but  in  many  eases  reported  a  rise  of  less  than  1°C.  (0.2  to  Is),  nor  were 
their  lesions  always  in  the  corpus  striatum.  The  medial  edgesof  the 
hemispheres,  the  septum  pellucidum  and  the  lateral  ventricles  were 
often  the  seat  of  injury.  The  great  length  of  time  before  the  rise  was 
obtained  admits  of  the  possibility  of  infection  as  the  exciting  cause. 
White's  experiments  on  the  optic  thalamus  are  less  convincing.  When 
carefully,  analysed,  the  latter's  results  seem  to  serve  as  negative  evidence 
for  a  specific  "heat  center"  in  the  corpus  striatum  or  optic  thalamus. 

Barbour  and  Wins;  (IS),  Prince  (20),  Hashimoto  (21)  and  other 
workers  in  Hans  Meyer's  laboratory  obtained  a  rise  in  temperature  only 
when  the  mid-ventral  portion  of  the  caudate  nucleus  of  the  corpus  stria- 
tum was  injured.  In  one  series  of  twenty-five  experiments,  four  eases 
showed  a  temperature  of  41°C.  or  above.  These  were  all  through  the 
mid-ventral  portion  of  the  caudate  nucleus.  Seven  other  punctures 
in  the  same  limited  region  ranged  from  39.4  to  40.9°C.  which  cannot 
be  considered  experimental  hyperthermia.  All  the  other  punctures 
were  through  the  anterior  or  posterior  part  of  the  caudate  nucleus,  and 
resulted  in  temperatures  from  39.7°C.  to  subnormal.  This  evidence 
again  tends  to  deny  the  presence  of  a  specific  heat  center. 

Similar  criticism  may  tie  made  of  the  results  and  conclusions  of 
other  investigators  who  describe  "heat  punctures." 

Peinbrey  (23)  opposed  the  "heat  center"  theory  of  temperature  regu- 
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lation,  considering  the  centers  as  purely  hypothetical.  The  compen- 
sation between  heat  production  and  heat  loss  brought  about  by  physi- 
cal and  chemical  means  was,  according  to  him,  sufficient  to  regulate 
temperature  (24).  He  found  that  young  mammals  and  birds  born  in  a 
well  developed  condition  such  as  the  guinea  pig  and  chick,  were  fully 
active  and  produced  enough  heat  to  maintain  a  constant  temperature; 
while  helpless  newly  born  animals  such  as  mice  and  pigeons  were  able 
to  regulate  their  temperature  only  to  a  moderate  degree.  In  cold  they 
could  not  respond  by  increased  activity  until  ten  or  fifteen  days  old, 
at  which  time  muscular  activity  came  on  and  increased  vasomotor 
tonus  was  evident.  Then  the  temperature  was  regulated  by  heat 
production  and  heat  loss  with  no  apparent  need  of  a  heat  "center." 

Pembrey  (25)  also  found  that  hibernating  animals  could  awaken  with 
an  increase  of  body  temperature  after  the  corpus  striatum  had  been  re- 
moved. Pembrey  (26)  showed  that  the  awakening  of  a  dormouse  is 
accompanied  by  violent  shivering,  the  temperature  often  rising  10°  to 
20°C.  in  a  few  hours.  Calorimetric  measurements  by  Pembrey  (27) 
show  that  the  heat  produced  is  sufficient  to  account  for  the  rise  without 
the  intervenion  of  a  heat  center.  Du  Bois  (28)  showed  that  hibernat- 
ing animals  with  motor  paralysis  had  only  a  small  rise  in  temperature 
on  awakening. 

Pembrey  and  Mutch  (29)  also  showed  that  tetrahydro-0  naphthyl- 
amine  caused  a  marked  rise  in  temperature  only  when  violent  muscu- 
lar activity  and  convulsions  resulted.  If  chloroform  were  given  during 
the  rise  to  prevent  muscular  movements  the  temperature  fell  until  the 
effect  of  the  chloroform  had  worn  off.  Tetrahydro-0  naphthylamine 
also  did  not  cause  a  rise  in  rabbits  if  the  muscles  were  paralyzed  by 
cutting  the  motor  nerves  or  by  curare. 

Fredericq  (30)  found  that  removal  of  the  cerebral  hemispheres  in 
pigeons  produced  no' variations  in  the  daily  temperature  curve.  Corin 
and  Van  Beneden  (31)  obtained  similar  results  and  observed  no  change 
in  the  CO]  exchange  of  such  pigeons.  Golts's  (32)  well  known  decere- 
brate dog  had  a  temperature  only  slightly  below  normal. 

Du  Bois  (33)  found  that  the  corpus  striatum,  midbrain  and  cere- 
brum of  marmots,  pigeons  and  rabbits  could  be  destroyed  thus  elimi- 
nating all  the  hypothetical  heat  centers  without  loss  of  temperature 
regulation.  Mosso  (34)  also  denies  the  existence  of  heat  centers  affirm- 
ing that  hemorrhage  and  excitement  are  the  cause  of  the  rise  of  tem- 
perature following  punctures.  He  obtained  a  rise  by  the  injection  of 
cocaine  after  the  "heat  centers"  were  removed. 
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Wilson  (35)  from  a  comprehensive  neurological  study  of  the  corpus 
striatum  concludes  that  it  cannot  be  termed  a  heat  center.  Injury  to 
the  corpus  striatum  causes  hypertooicity  of  the  muscles,  often  resulting 
in  tremors  sufficient  to  cause  a  marked  increase  in  the  beat  production. 
This  together  with  the  vasoconstriction  due  to  the  increased  tonus  in 
the  walls  of  the  blood  vessels  could  produce  hyperthermia. 

Sachs  and  Green  (36)  in  a  recent  publication  do  not  confirm  the 
heat  center  theory.  Lesions  or  stimulation  of  the  caudate  nucleus  in 
rabbits  and  cats  gave  no  greater  rise  than  controls.  Hill  (37)  also  re- 
futes the  claim  of  a  special  heat  center. 

The  evidence  just  cited  points  to  the  probability  that  temperature 
regulation  is  controlled  entirely  by  factors  which  are  not  dependent  on 
specific  "heat  centers"  in  the  brain.  .  Still  we  cannot  as  yet  say  why 
most  warm-blooded  animals  maintain  a  higher  level  of  body  tempera- 
tire  than  the  majority  of  cold-blooded  animals.  The  "heat  center" 
theory,  however,  conveniently  accounts  for  this  and  is,  therefore,  still 
accepted  by  many  physiologists. 

The  experiments  reported  in  this  paper  on  the  relation  of  the  corpus 
striatum  to  the  regulation  of  body  temperature  were  begun  with  the 
idea  of  applying  drugs  to  the  "heat  centers"  after  the  method  of  Bar- 
bour and  Wing  (IS).  The  difficulty  met  with  in  locating  a  definite 
center  and  the  variability  in  the  results  obtained  by  puncture,  how- 
ever, threw  so  much  doubt  upon  the  existence  of  such  centers  that  the 
attempt  was  made  to  reinvestigate  the  whole  matter. 

EXPERIMENTS   ON   THE   "HEAT  CENTER1' 

A.  Puncture.  Since  the  caudate  nucleus  of  the  corpus  striatum  is 
generally  accepted  as  the  most  probable  "heat  center,"  it  is  the  only 
one  considered  in  this  part  of  my  work. 

The  punctures  were  made  according  to  the  methods  of  Aronsohn  and 
Sachs  (5).  The  hair  on  the  head  of  the  rabbit  was  removed,  a  longi- 
tudinal incision  made  in  the  skin  and  a  trephine  opening  I  cm.  in 
diameter  made  1  mm.  to  the  right  of  the  longitudinal  suture  and 
3  mm.  anterior  to  the  coronal  suture.  Into  this  opening  was  screwed 
a  metal  cylinder  with  a  small  centra)  hole  through  which  the  punc- 
ture needle  1  mm.  in  diameter  was  inserts!  to  varying  depths.  The 
needle  could  be  removed  or  left  in  place  after  the  puncture  was 
made. 

Aseptic  precautions  were  used  throughout  the  operation  and  the 
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wound  was  covered  with  a  sterile  cotton  cap  held  in  place  by  flexible 
collodion  and  adhesive  tape. 

Ninety-four  punctures  were  made  in  seventy-four  rabbits.  The  re- 
sults are  given  in  table  1  and  summarized  in  table  2.  In  sixty-two  cases 
the  temperature  did  not  rise  above  41°C.  This  falls  within  the  range 
of  variability  due  to  anaesthetics  and  Operative  injury,  which  I  have 
shown  to  be  between  36.9°  to  40.9°C.  and  cannot  be  considered  as 
hyperthermia  brought  about  by  injury  to  or  stimulation  of  a  specific 
"heat  center."  Since  the  variability  range  due  to  incidental  factors  is 
large  and  since  occasional  temperatures  above  41.4°C.  are  met  with  in 
normal  and  anaesthetized  rabbits,  it  seems  reasonable  to  include  only 
those  registering  41.5°C.  and  above  in  the  cases  of  hyperthermia. 
This  would  give  seventy-four  cases  of  normal  temperature  to  twenty 
of  hyperthermia  in  the  above  mentioned  table. 

The  area  and  location  of  the  brain  lesioji  varied.  This  was  deter- 
mined by  means  of  transverse  sections  of  the  brainB  hardened  in  for- 
malin. In  thirty-seven  cases  of  normal  temperature  the  caudate 
nucleus  was  distinctly  injured.  Figure  1  gives  specimen  sections 
through  the  line  of  puncture  in  two  of  these  cases.  The  injury  to  the 
caudate  nucleus  cannot  be  questioned.  Chart  1  gives  curves  of  the 
temperature  following  these  and  other  similar  punctures.  A  compari- 
son with  the  curves  of  normal  and  anaesthetized  rabbits  shows  that 
these  temperature  variations  could  be  accounted  for  by  other  means 
than  injury  to  special  "centers." 

In  five  of  the  cases  of  normal  temperature  following  puncture  of  the 
caudate  nucleus  the  injury  was  limited  to  the  caudate  nucleus;  in  five  it 
was  extensive  with  infiltration  involving  large  areas.  In  the  remaining 
cases  the  lesion  was  well  defined  but  included  with  the  caudate  nucleus 
other  parts  as  the  internal  capsule,  lenticular  nucleus,  optic  thalamus 
or  infundibulum. 

In  eighteen  cases  of  normal  temperature  there  was  no  evident  injury 
to  the  caudate  nucleus  (fig.  2,  chart  2).  In  fifteen  cases  of  normal 
temperature  injury  to  the  caudate  nucleus  was  questionable  as  the 
puncture  penetrated  the  lateral  ventricle  and  therefore  merely  touched 
the  medial  edge  of  the  caudate  nucleus.  They  are  in  the  table  in  a 
separate  column  as  uncertain  (fig.  3,  chart  3). 

In  only  twenty  cases  of  punctures  was  a  distinct  hyperthermia  be- 
yond the  range  of  variability  obtained.  Seven  of  these  showed  no  in- 
jury to  the  caudate  nucleus.  Figure  4  is  a  transverse  section  through 
the  point  of  puncture  of  one  showing  a  clear  line  between  the  hemi- 
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Fig.  1   11.    S.'i-iitin    uf   lirnin    nf   rnliliit  40   nhiiwrnn    puncture  tlirnuuh    cnudati' 
iiuclous;   fiillowitl   by    mirtiial    temjwraturo. 


db»  Google 


nBOL'LATION   OF  BODY  TEMPERATURE   IN   I 


259 


spheres  with  no  injury  to  the  caudate  nucleus.  Chart  4  gives  the 
temperature  curve  of  the  same.  Six  cases  had  lesions  (four  extensive) 
which  involved  the  caudate  nucleus  (fig.  5,  chart  5).  Six  cases  were 
doubtful. 

Table  2  shows  that  85  per  cent  of  the  punctures  involving  the  caudate 
nucleus  failed  to  produce  a  rise  in  temperature  above  41.5°C.  Only 
15  per  cent  gave  distinct  hyperthermia. 
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Chart  1.  Specimen  curves  of  normal  temperature  following  puncture  of 
caudate  nucleus.  Ordinates,  degrees  Centigrade;  abscissae,  time  in  hours. 
/,  Rabbit  59;  g,  rabbit  79;  3,  rabbit  27,  4,  rabbit  40.     P,  Puncture. 

In  the  above  experiments  all  cases  of  hyperthermia  were  associated 
with  excessive  muscular  movements  often  taking  the  form  of  clonic 
convulsions.  ( 'alorimel ric  measurements  of  the  heat  production  were 
not  taken  but  from  the  usual  rise  accompanying  muscular  exercise  it 
seems  reasonable  to  assume  that  the  violent  movements  were  sufficient 
to  account  for  the  hyperthermia.  Exact  data  on  this  phase  of  the 
subject  will  be  obtained  in  later  investigations. 

In  another  series  of  experiments  punctures  were  made  with  a  "heat- 
ing and  cooling  cylinder"  similar  to  the  one  used  by  Barbour  (38)  for 
the  purpose  of  heating  and  cooling  the  caudate  nucleus.     The  needle 
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Fig.  2.  Section  of  brain  of  rabbit  67;  showing  punelure  line  between  the 
hcnusphrrcH  with  no  injury  to  the  cnuiinie  nucleus.  A  normal  temperature 
followed 
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Fig.  3  a.   Section  of  brain   of  rabbit   71   showing  puncture    through  lateral 
ventricle  with  possible  injury  to  caudate  nucleus;  followed  by  hyperthermia. 


Fig.  3  b.  Section   of   brain   of  rabbit   47   showing   puncture   through   lateral 
ventricle;  followed  by  normal  temperature. 
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was  3  to  4  mill,  in  diameter  instead  of  I  mm.  as  in  the  first  series;  only 
five  of  the  thirteen  cases  showed  hyperthermia  which  was.  in  every  ca.-*\ 
preceded  and  accompanied  by  violent  muscular  movements  and  con- 
vulsions; six  died  within  the  course  of  a  few  hours.  The  cause  of 
sudden  death  in  these  and  other  cases  is  Ix-ing  investigated  further. 
While  the  alxne  results  seem  to  indicate  (hat  hyperthermia  docs  in 
certain  cases  follow  puncture  of  the  brain  of  the  rabbit,  it  cannot  lie 
sjiid  that  the  rise  in  temperature  depends  on  injury  to  the  caudate 
nucleus  nor  can  the  rise  l>e  uscrihod  to  any  other  definite  "center" 
since  there  is  no  apparent   correlation   U'twecn   the  location  of  tin- 
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Chart  :t.  S-M-riiin-ii  pwrvi-H  of  t  cm  |  urn  hire  vu  nut  inn*  folli-winx  nunrinrni  in 
tin-  lateral  veiil rtrle.  Dnlinaii'i.  ileRn-en  (Yiiti|[rii<lc:  itliiriH-'iP,  linn*  in  hrtur*. 
(.  It,. bl.ii  IV,  i.  ral.l.h  47.     /'.  I'um-i  un>. 

lesion  and  the  occurrence  of  hyperthermia.  It  can  lie  concluded,  in 
fact,  that  injury  to  (he  caudate  nucleus  or  other  alleged  "heat  ■■enter-" 
[■ml  "puncture  fever"  bear  no  Hum-  relation  to  each  other. 

It.   ApiJmilum  »f  pitnttc*  nwl  >i»hi>i/nhr«.     The  caudate  nucleus  «a- 

lu-ated  and  cooled  accordinK  to  the  method  of  Itarl r  ■:*>!  and  of 

Hashimoto  i3li  by  mean-  of  a  metal  cylinder  throuifl.  which  hot  or 
cohl  water  could  Ik-  pa«ed  at  will.  Hcntinji  caused  a  fall  in  temperature 
of  ().■»"  to  I.IC     (ihiIiiiji  a  ri-e  of  0..V  lo  I  .IPC.     Table   :i   rivet  the 
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Fig.  4.  Section  of  the  brain  of  rabbit  22  showing  puncture  line  between  the 
hemispheres  with  no  injury  to  the  caudate  nucleus.  Hyperthermia  followed  the 
puncture. 
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Chart  4.  .Specimen  curves  of  hyperthermia  following  punctures  with  n 
jury  to  the  caudate  nucleus.  Ordinatcs,  degrees  Centigrade;  abscissae,  tii 
hours.     I,  Rabbit  22;  i.  rabbit  10;  S.  rabbit  29.     P,  Puncture. 
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Fig.  S  a.  Section  of  hrain  of  rabbit  61   showing  exiomiive  lesion  involving 
caudate  nucloun;  followed  by  hyporthermiii. 


5  l>.   Section   of    lirain   of    rabbit  31  showing  slight    injury    to   candat* 
;  followed  l.y  Iiypt-rlhrrniia. 
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results.  They  accord  with  those  of  Barbour  (38)  .and  of  Hashimotor 
(21)  but  might  conceivably  be  due  to  an  indirect  or  direct  effect  on  the 
vasomotor  centers  in  the  medulla.  The  fact  that  heating  and  cooling 
the  medulla  (experiments  to  be  described  later)  gave  similar  results 
tends  to  show  that  this  may  be  the  case. 

An  attempt  was  made  to  apply  drugs  to  the  caudate  nucleus,  as  Bar- 
bour and  Wing  (18)  had  done,  by  injecting  into  the  puncture  hole. 
Barbour  states  that  there  was  often  an  overflow  of  ventricular  fluid 
and  drug.     The  same  difficulty  was  met  in  my  experiments.     In  every 
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Chart  5.  Specimen  curves  of  hyperthermia  following  puncture  of  the  cau- 
date nucleus.  Ordinates,  degrees  Centigrade ;  abscissae,  time  in  hours.  1,  Rab- 
bit 20;  *,  rabbit  61 ;  S,  rabbit  51.    P,  Puncture. 

case  the  pressure  of  the  fluid  was  sufficient  to  render  it  very  doubtful 
whether  any  of  the  drug  reached  the  brain  tissue,  especially  the  caudate 
nucleus.  A  more  exact  method  of  applying  drugs  to  parts  of  the  brain 
below  the  cortex  should  be  devised.  • 

C.  Removal.  With  aseptic  precautions  a  large  area  of  the  brain  was 
exposed  by  removing  the  skull  with  a  trephine  and  bone  forceps. 
Bleeding  was  stopped  by  pressure  with  sterile  cotton.  The  cortex 
was  lifted  off  with  a  large  curette,  thus  leaving  the  caudate  nuclei 
clearly  exposed  to  view.     They  were  then  carefully  removed  with  a 
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LILLIAN  II.    HOOK! 

TABLE  1 
Summary  of  effect  of  puncture  on  the  temperature  of  the  rabbit 


mntaaa  or  rticruwi 

>- 

Hyptrtlmma 

m^^m^m. 

Abort 

twc. 

«I."C. 

turc. 

Brio* 

«."C. 

e 

T 

e 

l 

13 
11 

7 
1 

57 

4 

Possible  injury  to  caudate  nucleus 

14 

TABLE  I 
The  effect  oftiealing  and  tooling  the  caudate  nuciev* 


1917 
November  14 
November  21 
December  10 

1918 
January  30 
January  31 
February  2 
February  3 


1917 
Deremlie 

1918 
January  30 
January  31 
February  2 


21 


40  5 
39  9 
41.2 


41.0 

40  9 

38.8 


39.4 
38  5 

39.4 


40  9 
38.6 
38.7 


Water  IS  -WC. 
39.9 


+0-5 
+0.6 

+  18 


Final!  t'lin-Uc.  The  skin  on  the  head  was  then  replace  I  and  fastened 
together  ami  (he  wound  lian  lav  1  with  cotton  an,i  flexible  collodion 
and  adhesive  lar*-.  The  rabbits  survive!  the  operation  several  clay*. 
Some  were  killed  on  the  third  dav. 

Eighteen  operations  were  performe.1  an  J  in  every  raw  a  normal 
temperature  was  maintaine  1-  Careful  autopsies  by  means  of  trans* 
verse  sections  of  (he  brains  har  lcnc  I  in  for.mlin  wer."  ma  le.  In  seven 
I  trains  no  (race  of  the  cau  lute  nuclei  rcnaine  I,  in  ten  a  portion  I  mm. 
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or  leas  in  diameter  of  the  posterior  tip  was  intact  but  could  have  had 
no  connection  with  any  other  portion  of  the  brain  nor  with  the  cord. 

Similar  experiments  were  made  on  pigeons.  Since  the  corpus  stria- 
tum makes  up  the  major  part  of  the  forebrsin,  both  cerebral  hemi- 
spheres were  removed.  The  same  results  were  obtained  as  for  rabbits, 
that  is,  a  normal  temperature  was  maintained  subsequent  to  the  opera- 
tion in  every  case.  Physiological  behavior  as  well  as  autopsy  findings 
indicated  that  the  cerebral  hemispheres  had  been  completely  removed. 

These  results  indicate  that  a  normal  body  temperature  in  rabbits 
and  pigeons  can  be  maintained  without  the  aid  of  the  caudate  nucleus 
of  the  corpus  striatum. 


1.  Seventy-eight  per  cent  of  all  the  punctures  failed  to  produce  an 
abnormally  high  temperature.  Of  the  22  per  cent  of  cases  in  which 
hyperthermia  was  obtained,  only  one-third  showed  injury  to  the  cau- 
date nucleus.  Approximately  one-half  of  the  punctures  were  distinctly 
through  the  caudate  nucleus;  85  per  cent  of  these,  however,  were  not 
followed  by  hyperthermia. 

2.  Heating  the  caudate  nucleus  caused  a  slight  fall  in  temperature, 
cooling  a  slight  rise.  In  this  respect  the  results  agree  with  those  of 
Barbour. 

3.  After  removal  of  the  caudate  nucleus  in  rabbits  and  the  cerebral 
hemispheres  in  pigeons,  a  normal  body  temperature  was  maintained. 

CONCLUSIONS 

The  corpora  striata  are  not  essential  for  the  maintenance  of  a  con- 
stant body  temperature  since  their  puncture  in  rabbits  or -their  re- 
moval in  rabbits  and  pigeons  does  not  alter  the  normal  temperature. 

The  existence  of  special  "heat  centers"  in  the  brain  is  therefore  not 
confirmed. 
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THE  NURSING  MOTHER  AS  A  FACTOR  OP  SAFETY  IN  THE 
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THE    ESSENTIAL   CONSTITUENTS  OF  AN  ADEQUATE    DIET 

Since  the  solution  of  the  main  problems  involved  in  the  successful 
feeding  of  simplified  diets  which  consisted  of  purified  substances,  prog- 
ress in  the  advancement  of  our  knowledge  of  nutrition  has  been  rapid. 
It  has  become  evident  that  among  the  thousand  or  more  chemical  sub- 
stances which  occur  in  animal  and  plant  tissues  it  is  essential  that  the 
diet  of  the  mammal  shall  contain  only  the  following: 

Sixteen  or  seventeen  amino-acids  which  result  from  the  digestion  of 
the  complete  proteins;1  the  carbohydrate  glucose  or  one  of  its  polysac- 
charides (starch,  dextrine,  etc.,  or  other  sugar  which  in  the  body  is 
convertible  into  glucose);  probably  nine  inorganic  elements  in  the 
form  of  suitable  compounds  (Ca,  Mg,  Na,  K,  CI,  P,  I,  Fe,  S),  and 
two  as  yet  chemically  unidentified  dietary  essentials,  fat-soluble  A* 
and  water-soluble  B.  Such  a  mixture  may  be  capable  of  supporting 
normal  nutrition  throughout  the  life  of  an  animal  beyond  the  weaning 
period. 

1  A  few  of  the  experiments  described  in  this  paper  were  carried  out  by  the 
authors  at  the  Wisconsin  Experiment  Station. 

1  So  far  at*  has  been  definitely  established  all  the  amino-acids  which  the  "com- 
.  plete"  proteins  yield  on  hydrolysis  must  with  the  exception  of  glycocoll  be  sup- 
plied in  the  food  mixture.  The  suggestive  experiments  of  Hopkins  (1)  seem  to 
indicate  that  several  of  the  aliphatic  amino-acids  are  dispensable  from  the 
diet,  but  the  feeding  periods  were,  in  our  opinion,  too  brief  to  make  the  results 
conclusive, 

'  Although  it  has  not  been  found  possible  to  successfully  nourish  animals  on 
diets  free  from  lipoids,  there  is  much  evidence  that  not  only  fats  and  lecithins, 
but  the  Other  complex  lipoids  as  well  can  be  synthetically  produced  by  the  ani- 
mal tissues  (2).  It  seems  probable  that  if  it  were  possible  to  supply  fat-soluble 
A  without  at  the  same  time  adding  fats,  young  animals  could  be  satisfactorily 
nourished  on  lipoid-free  diets. 
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The  terms  fat-soluble  A  and  water-soluble  B  were  introduced  by 
McCollum  and  Kennedy  to  designate  two  chemical  substances,  or  so 
far  as  could  be  determined  at  that  time,  possibly  groups  of  substances, 
both  of  which  are  indispensable  in  the  diet  (3).  Subsequent  develop- 
ments have  made  it  clear  that  at  least  in  the  case  of  the  water-soluble 
B  but  one  substance  indispensable  for  the  maintenance  of  physiological 
well  being  is  involved  (4).  In  the  case  of  the  dietary  factor  fat-soluble 
A,  it  is  possible  that  more  than  a  single  indispensable  substance  is 
present  in  the  simplest  food  preparations  which  furnish  it  but  there  is 
not  the  slightest  evidence  that  there  is  more  than  one.  Fat-soluble  A 
is  the  dietary  factor  of  unknown  chemical  nature,  the  absence  of  which 
from  the  diet  leads  to  the  development  of  a  peculiar  condition  of  the 
eyes.  The  eyelids  and  tissues  surrounding  the  eyes  swell  so  that  the 
eyes  cannot  l>c  opened  or  are  opened  with  difficulty.  There  is  inflam- 
mation of  the  cornea,  and  if  the  missing  dietary  essential  is  not  promptly 
supplied,  permanent  blindness  ensues.  This  disease  is  a  type  of  xeroph- 
thalmia (5).  Butter  fat,  milk  and  the  fats  of  egg  yolk  arc  the  best 
sources  of  the  substance,  fat-soluble  A,  but  it  is  also  present  to  the 
extent  of  about  three  times  the  food  requirements  of  the  growing  ani- 
mal in  the  leaves  of  such  plants  as  spinach,  celery  (tops),  alfalfa  and 
other  leaves  which  are  not  fleshy  and  which  dry  easily  when  separated 
from  the  plant.  This  is  shown  by  the  fact  that  30  per  cent  of  one  of 
these  leaves  in  the  diet  supplies  enough  of  this  substance  to  maintain 
an  animal  in  a  normal  condition,  provided  the  rest  of  the  diet  is  prop- 
erly constituted  Mi).  Fleshy  leaves  such  as  the  cabbage,  which  are  in 
some  degree  modified  as  storage  organs,  contain  proportionately  less 
of  the  substance,  fat-soluble  A.  Seeds  and  seed  products  contain  in 
general  much  less  of  the  substance  than  do  trie  leaves.  This  difference 
in  the  content  of  different  foods  in  the  dietary  essential,  fat-soluble  A, 
depends  upon  the  extent  to  which  the  foodstuffs  consist  of  cellular  ele- 
ments as  contrasted  with  reserve  food  materials  (protein,  starch,  sugars, 
futs  and  inorganic  salts).  The  substance  is  associated  with  the  germ' 
and  with  the  limited  nreas  of  the  seed  which  consist  of  cellular  elements, 
rather  than  with  the  endosperm  (7). 

The  second  dietary  essential  of  unknown  chemical  nature,  water- 
is  iluble  B.  is  much  more  abundant  in  nature  than  is  fat-soluble  A. 
It  too  is  associated  more  abundantly  with  the  cells  of  the  animal  and 
plant  li-Mii*  rather  than  with  the  reserve  fo  >  I  supply  of  the  woe  J.  A 
lack  of  t hi-  suhM.uirc  in  the  dirt  leads  to  tie-  development  of  a  condi- 
tion  of   pulyiieuritj.   which    in   man   i-   known   as   h,>ruVri.     There   is 
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almost  conclusive  evidence  that  the  preparations  which  contain  this 
substance  in  concentrated  form  contain  but  a  single  indispensable  chemi- 
cal substance  of  unknown  nature.  This  view  is  borne  out  by  the  fact 
that  beriberi  and  the  type  of  xerophthalmia  of  dietary  origin  are  the 
only  diseases  referable  to  faulty  diet,  for  which  "curative"  substances 
exiBt.  Other  diseases,  especially  scurvy  and  pellagra,  have  been  re- 
ferred by  Funk  (8)  and  others  to  the  group  of  so-called  deficiency  dis- 
eases, in  the  same  sense  as  the  syndromes  beriberi  and  xerophthalmia, 
i.e.,  the  assumption  is  made  that  for  each  of  them  there  exists  a  "cura- 
tive" substance. 

Our  knowledge  concerning  the  degree  to  which  the  diet  of  the  higher 
animals  can  be  simplified  without  interfering  with  their  normal  devel- 
opment, is  the  result  of  a  long  series  of  feeding  experiments  with  puri- 
fied foodstuffs  carried  out  by  McCollum  and  Davis  (9).  It  has  a  scientific 
interest  in  that  it  makes  clear  the  great  extent  of  the  synthetic  power 
of  the  animal  body,  but  a  very  much  greater  value  in  that  it  afforded 
the  key  to  the  solution  of  the  greatest  problem  of  the  human  race, 
viz.,  the  problem  of  approximating  the  optimum  in  the  character  of  the 
food  which  we  consume.  For  half  a  century  the  energy  and  protein 
content  have  been  the  criteria  py  which  dietitians  have  attempted  to 
judge  the  quality  of  food  mixtures.  In  a  land  of  plenty,  where  a  wide 
variety  of  foodstuffs  is  available,  dairy  products,  meats  and  the  produce 
of  the  vegetable  garden,  as  well  as  the  staple  cereals  and  potatoes  are 
within  the  reach  of  even  the  poorest  people,  it  is  not  strange  that  the 
inadequacy  of  such  a  basis  for  the  estimation  of  the  quality  of  rations 
should  long  escape  criticism.  Only  in  the  field  of  animal  production, 
where  rations  monotonous  in  character  and  restricted  as  to  source  to 
one,  two  or  three  foodstuffs,  were  fed  week  after  week,  did  it  become 
apparent  that  the  data  afforded  by  chemical  analysis  failed  to  dis- 
close the  quality  of  a  food  mixture  as  made  manifest  by  its  power  to 
induce  rapid  growth  in  the  young,  vigor  and  high  fertility  in  the  adult, 
and  the  capacity  to  produce  strong  offspring  and  an  abundance  of 
milk  for  their  nutrition.  That  this  fact  was  recognized  by  shrewd 
animal  hushandrymen  is  made  evident  by  the  fact  that  although  stand- 
ard works  on  the  feeding,  of  farm  animals  continue  to  the  present  day 
to  discuss  food  values  on  the  basis  of  crude  protein  content,  energy 
value  and  digestibility,  agricultural  experiment  stations  have  for  years 
been  testing  by  feeding  experiments  the  value  of  this  versus  that  pro- 
tein concentrate  as  a  supplement  for  each  of  the  more  important  feeds 
grown  on  the  farm.     If  the  proteins  from  one  source  were  as  good  as 
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those  from  another,  urn!  the  digestibility  were  equally  high,  such  com- 
parative feeding  trials  should  lie  unnecessary  and  the  feeding  value  of 
■several  mixtures  which  would  give  similar  results  when  subjected  to 
chemical  analysis  should  be  equal.  This,  however,  is  not  the  case. 
Feeder*  have  long  .recognized  the  superiority  of  milk  and  buttermilk 
over  any  of  the  by-products  of  the  milling  industry,  as  supplements 
to  rations  derived  from  Meeds  and  seed  products. 

The  nature  of  the  dietary  deficiencies  of  the  tieedti  of  planU.  Once  in 
possession  of  the  knowledge  concerning  just  what  factors  operate  to 
make  an  adequate  diet,  McCollum  and  Davis,  McCollum,  Kimmonds 
and  Pitz,  and  McCollum  and  Kimmonds  were  able  to  show  by  the  sys- 
tematic feeding  of  a  single  natural  foodstuff,  as  wheat  (10),  maise  (11), 
rolled  oat*  (12),  rice  (13),  wheat  germ  (14),  pea  (6),  navy  bean  (15), 
kaffir  corn  (l<>),  (17),  rye  and  barley  (17),  with  single  and  multiple 
purified  food  additions,  just  what  kind  of  deficiencies  are  responsible 
for  the  failures  which  hail  long  l>een  known  to  result  from  the  feeding 
of  certain  diets  which  were  greatly  restricted  as  to  source.  The  soy 
bean  has  been  studied  by  Daniels  and  Nichols  (18)  and  also  by 
Osborne  and  Mendel  (19),  and  the  cottonseed  by  Richardson  and 
Creen  (20).  # 

It  was  a  great  surprise  to  find  that  such  a  mixture  of  seeds  as  whole 
wheat,  rolled  oats,  whole  corn,  unpolished  rice,  etc.,  when  fed  as  the 
sole  source  of  nutriment  fail  utterly  to  induce  any  growth  in  young 
animals  or  to  long  maintain  life.  The  reason  for  this  we  have  shown 
in  the  papers  cited. 

These  investigations  made  it  clear  that  the  seeds  as  a  class  are  defi- 
cient in  the  same  respect,  viz.,  they  are  all  too  poor  in  three  inorganic 
element*,  calcium,  sodiuru  and  chlorine,  to  permit  an  animal  to  grow. 
It  was  shown  that  each  of  these  needs  is  not  enhanced  by  the  addition 
of  any  other  inorganic  elements  than  those  mentioned  (21).  Kaeh  of 
these  seeds,  with  the  exception  of  millet  seed  (22),  is  too  low  in  its 
content  of  the  fat -soluble  A  to  maintain  an  animal  in  a  good  stain  of 
health  over  a  long  period,  and  the  quality  of  the  protein  in  each  is  of 
relatively  low  biological  value  and  must  l»e  supplemented  by  the  addi- 
tion of  protein  licforc  growth  at  the  maximum  rate  can  be  secured. 
The  seeds  are  therefore  to  be  classed  together  as  a  distinct  group  of 
natural  foods  having  the  same  limitations  from  the  dietary  standpoint. 
For  an  appreciation  of  the  problems  relating  to  the  diet  during  lacta- 
tion which  we  present  in  tins  pa|>cr,  it  is  essential  that  the  following 
facts  Is-  fully  appreciated: 
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1.  Young  animals  cannot  grow  when  limited  to  a  single  seed  or  mix- 
ture of  seeds  as  their  sole  source  of  nutriment,  with  no  accidental 
supply  of  mineral  salts  in  the  drinking  water. 

2.  Young  animals  cannot  grow  when  fed  a  single  seed  or  mixture  of 
seeds,  even  though  the  latter  is  supplemented  with  purified  protein 
and  a  fat  containing  fat-soluble  A.  The  inorganic  content  is  the 
first  limiting  factor  and  sodium,  chlorine  and  calcium  must  be  added 
before  growth  becomes  possible. 

3.  The  proteins  of  the  seeds,  and  their  content  of  fat-soluble  A,  as 
well  as  all  other  dietary  factors,  are  of  such  a  value  as  will  permit  young 
animals  to  grow  for  a  considerable  time,  and  remain  in  apparent  good 
health  when  the  diet  consists  of  one  or  more  seeds,  supplemented  with 
the  necessary  inorganic  salts.  On  such  a  diet  faulty  nutrition  is  first 
observed  only  after  the  lapse  of  a  considerable  time. 

DIFFERENCES  IN  THE  COMPOSITION  OF  THE  MILK  AS  THE  RESULT  OF  TAB 
QUALITY  OF   THE  DIET   OF  THE   MOTHER 

The  extent  to  which  the  maternal  organism  through  the  secretion  of 
the  mammary  gland  can  serve  as  a  factor  of  safety  for  the  suckling,  is 
still  very  little  understood.  It  is  well  known  that  the  proteins  of  milk 
are  of  distinctly  higher  quality  for  the  promotion  of  growth  than  are 
those  of  the  vegetable  foods  generally.  This  is  shown  by  the  fact  that 
young  animals  grow  better  on  6  or  7  per  cent  of  milk  protein  (23)  than 
on  higher  intakes  of  plant  proteins  (24).  In  respect  to  the  protein 
factor,  therefore,  the  maternal  organism  selects  certain  of  the  amino- 
acids  from  among  the  digestion  products  of  the  food  and  presents  them 
in  the  milk  for  the  nutrition  of  the  young  in  such  proportions  as  make 
possible  a  very  efficient  transformation  into  the  body  proteins  of  the 
young.  She  makes  from  her  large  intake  of  protein  of  rather  poor 
quality  a  smaller  output  of  protein  of  exceptional  biological  value  in 
the  milk 

The  importance  of  this  service  of  the  mother  to  the  young  in  supply- 
ing it  a  protein  mixture  suitable  for  efficient  utilization  for  growth, 
will  doubtless  depend  upon  the  character  of  the  mother's  food.  It  is 
well  known  that  certain  amino-acids  greatly  stimulate  metabolism  be- 
cause of  their  "specific  dynamic  action"  (25),  and  lead  to  increased 
heat  production  and  increased  carbon  dioxide  output.  Beyond  a  cer- 
tain limit,  not  well  defined,  this  would  be  of  course  a  useless  waste  of 
energy  and  would  tend  to  interfere  with  the  formation  and  with  the 
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storage  of  new  tissue.  It  is  like  keeping  the  furnace  going  in  warm 
weather.  In  farmer  papers  we  attempted  to  throw  light  on  the  ques- 
tion aB  to  whether  the  young  animal  is  better  off  with  the  minimum 
supply  of  protein  of  high  biological  value,  necessary  for  normal  growth, 
than  it  is  with  food  proteins  of  low  value  for  growth  when  the  latter  are 
fed  at  surh  high  planes*of  intake  that  the  same  biological  value  for 
growth  would  be  reached  or  surpassed.  Wheat  proteins  (24)  were  em- 
ployed in  the  one  series  of  experiments  and  milk  proteins  in  the  other 
(23).  The  animals  were  able  to  grow  better  on  G  to  8  per  cent  of  milk 
proteins  than  on  any  plane  of  wheat  proteins  up  to  over  40  per  cent 
of  the  food  mixture.  The  results  were  not  considered  conclusive,  how- 
ever, in  Riving  an  answer  to  the  question  in  point  because  it  appears 
that  there  is  something  detrimental  about  the  wheat  products  which 
may  have  depressed  the  vitality  of  the  animals.  Final  deduction* 
cannot  be  drawn  until  these  experiments  are  repeated  using  proteins  of 
low  value  but  without  detrimental  qualities  other  than  such  as  may 
come  from  the  disposal  by  the  organism  of  the  excess  of  useless  amino- 
acids  which  cannot,  because  of  certain  essential  ones  being  nearly 
absent,  be  built  up  into  tissue  proteins. 

The  lactating  mother  certainly  concentrates  in  the  milk  she  pro- 
duces much,  if  not  all,  of  the  dietary  essential  fat-soluble  A  which  she 
ingests  in  her  large  intake  of  leaf  and  seed  products,  and  thus  enable 
the  young  to  obtain  a  much  larger  amount  of  this  substance  than  it 
could  possibly  obtain  by  eating  the  food  taken  by  the  mother,  because 
of  the  limited  capacity  of  its  digestive  apparatus.  The  same  is  doubt- 
less true  of  the  second  dietary  essential  of  unknown  chemical  nature, 
water-soluble  B,  but  this  would  seem  not  to  be  a  matter  of  great  signifi- 
cance since  this  substance  is  so  abundant  in  most  of  the  natural  foods 
that  the  young  could  easily  secure  enough  for  its  needs  in  the  limited 
amounts  of  food  which  it  could  ingest. 

Milk  represents  a  very  concentrated  food  from  the  standpoint  of 
energy  and  protein  values  (although  annulate!  with  much  waterj,  is 
easy  of  digestibility  and  is,  when  drawn  by  sucking,  nearly  free  from 
bacteria.  Milk  is  therefore  a  food,  the  elaboration  of  which  involves 
the  functioning  of  the  mother  as  a  protective  agent  in  her  relation  toher 
offspring.  There  are  further  to  be  considered  certain  possible  synthetic 
powers  which  the  mammary  tissue  may  possess,  in  which  it  may  surpass 
the  powers  of  the  tissue*  of  the  growing  young. 

Milk  sugar,  the  only  carbohydrate  of  milk,  is  found  nowhere  except 
in  the  secretion  of  the  mammary  gland.      It  affords  an  example,  there- 
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fore,  of  a  special  synthesis  by  the  maternal  organism  for  the  nutrition 
of  the  young.  Like  examples  of  the  exercise  of  a  synthetic  function  by 
the  mammary  tissue  in  milk  production  are  seen  in  the  peculiar  nature 
of  the  fatty  acids  of  low  molecular  weight  found  in  milk  fats.  These 
acids  do  not  need  to  occur  in  the  food  of  the  lactating  animal. 

The  fact  that  the  mammary  gland  is  able  to  synthesize  the  sugar 
lactose  and  certain  of  the  fatty  acids  which  are  peculiar  to  the  milk  fats 
is  suggestive  of  the  possibility  that  these  tissues  may  be  able  to  effect 
the  transformation  of  certain  amino-acids  into  others  in  a  manner  not 
possible  to  the  non-lactating  animal  or  to  the  growing  young.  There  is 
recorded  in  the  literature  an  experiment  by  Osborne  and  Mendel  (26) 
which  was  interpreted  at  the  time  it  was  carried  out  as  constituting  a 
demonstration  of  the  ability  of  the  mammary  gland  to  synthesize  the 
diamino-acicl  lysine,  and  as  supporting  the  idea  that  certain  transfor- 
mations of  amino-acids  not  possible  to  the  immature  tissues  of  the 
young  may  be  effected  by  certain  tissues  under  special  conditions,  such 
as  for  example  in  milk  formation. 

Owing  to  the  fact  that  certain  unwarranted  assumptions  were  made 
at  the  time  their  experimental  work  was  reported,  there  is  much  miscon- 
ception as  to  the  special  role  of  the  amino-acid  lysine  in  nutrition. 
They  employed  diets  which  contained  28  per  cent  of  "protein-free 
milk"  and  added  gliadin  as  the  sole  purified  protein.  Osborne  and 
Mendel  (27)  assumed  that  the  gliadin  employed  "does  not  yield  more 
than  insignificant  amounts  of  lysine"  (p.  342),  and  interpreted  their 
data  as  showing  that  "certain  proteins,  notably  the  gliadin  of  wheat, 
may  supply  the  nitrogenous  needs  of  an  animal  in  maintenance,  yet  be 
entirely  inadequate  for  the  purposes  of  growth"  (p.  328).  They 
further  state  (p.  332),  "we  have  succeeded  in  promoting  growth  at  a 
normal  rate  when  a  maintenance  ration  containing  gliadin  as  the  sole 
protein  was  supplemented  with  lysine,"  and  (p.  333)  "the  demon- 
stration that  the  addition  of  lysine  to  the  gliadin  food  serves  to  reader 
this  protein  of  wheat  entirely  adequate  for  the  nitrogenous  needs  of 
growth  is  shown  in  chart  1,  rat  1113,  in  the  appendix,  in  which  the  sur- 
prising effect  of  this  amino-acid  addition  is  in  strong  contrast  with  the 
mere  maintenance  effect  of  the  diet  without  the  lysine,"  and  further, 
"we  believe  that  these  feeding  trials,  in  conjunction  with  our  demon- 
stration of  the  almost  complete  cessation  of  growth  on  diets  containing 
only  ly  sine-free  proteins,  furnish  the  first  and  only  conclusive  demon- 
stration that  lysine  is  indispensable  for  the  functions  of  growth." 
On  page  334,  they  further  state   "the   animal   organism  apparently 
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cannot  synthesize  lysine,  which  is  evidently  not  essential  for  main- 
tenance in  the  sense  of  preservation  of  body  weight,  though  it  is,  of 
course,  impossible  to  say  that  when  this  amino-acid  is  missing,  all 
functions  are  normally  carried  out." 

These  conclusions,  wc  feel  confident,  are  based  upon  unwarranted 
assumptions  concerning  the  character  of  the  food  mixtures  which  these 
authors  employed  in  their  experimental  work.  It  is  desirable  that  so 
important  a  deduction  as  the  differentiation  between  the  requirements 
of  the  animal  for  maintenance  as  contrasted  with  growth,  if  unwar- 
ranted, should  be  clearly  shown  to  be  fallacious.  We  take  this  occasion, 
therefore,  to  offer  a  critique  of  certain  of  the  conclusions  of  Osborne 
and  Mendel,  which  are  based  upon  experiments  of  such  a  character 
as  to  appear  opeo  to  criticism  only  to  those  who,  like  ourselves,  have 
studied  closely  the  problems  relating  to  the  behavior  of  animals  fed  upon 
diets  consisting  of  isolated  and  carefully  purified  foodstuffs,  and  sim- 
plified as  far  as  is  possible,  consistent  with  the  normal  nutrition  of  an 
animal. 

The  quotations  above  refer  to  the  relation  of  the  amino-acid  lysine  to 
the  nutrition  of  the  growing  young  animal.  Osliome  and  Mendel  era- 
ployed  a  diet  of  similar  composition  to  that  discussed  above  in  its  rela- 
tion to  maintenance  as  contrasted  with  growth,  and  describe  what  they 
interpreted  to  be  a  pregnancy  and  successful  lactation  period  in  a  rat 
(26).  Four  young  were  brought  to  the  age  of  twenty-three  days  dur- 
ing which  they  grew  at  approximately  the  normal  rate,  while  the 
mother  was  restricted  to  the  "gliadin  food,"  which  was  assumed  to 
contain  but  an  insignificant  amount  of  lysine  but  to  he  otherwise  com- 
plete as  a  source  of  amino-acids.  They  t>elieved  that  lysine  was  not 
necessary  for  the  long  continued  maintenance  of  an  animal  (27),  but 
indispensable  for  growth,  and  the  conclusion  seemed  warranted  that 
the  mother,  taking  supposedly  lysine-frec  food  and  producing  during 
gestation  four  young,  and  during  lactation  milk  which  was  capable  of 
inducing  nearly  normal  growth  in  the  young,  was  able  through  the 
special  powers  possessed  by  the  mamillary  tissues  to  synthesis*  the 
amino-acid  lysine  for  the  formation  of  normal  milk  proteins.  Casein 
and  lactalbumen  both  contain  7  to  8  per  cent  of  lysine. 

The  "gliadin  food"  in  the  lactation  experiments  consisted  of  care- 
fully purified  gliadin,  IK  per  cent;  "protein-free  milk,"  28  per  cent; 
starch,  lard  and  agar-agar  (2fli.  (iliadin  has  been  shown  in  a  re- 
investigation by  Osborne  to  have  Ix-en  erroneously  assumed  to  be  lysine- 
free.     Furthermore,  for  reasons  explaine  I  Inter,  we  are  convinced  that 
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the  dietary  properties  of  "protein-free  milk"  were  not  fully  under- 
stood by  these  authors.  They  believed  at  that  time  that  the  gliadin  was 
practically  free  from  the  ammo-acid  lysine  and  they  minimized  the  pos- 
sible importance  of  the  nitrogenous  components  of  the  "  proteiu-f  ree 
milk"  as  a  source  of  amino-acids  and  drew  the  conclusion  that  the 
mother  was  effecting  a  synthesis  of  this  particular  protein  cleavage 
product  (lysine),  since  the  young  were  unable  to  grow  on  the  diet  of  the 
mother  after  the  period  when  they  may  safely  be  weaned.  Owing  to 
the  important  deductions  drawn  from  these  experiments,  certain  erro- 
neous assumptions  made  regarding  the  quality  of  the  diet  used  in  the 
experimental  work  referred  to,  should  be  pointed  out.  Other  experi- 
ments were  reported  in  the  same  paper  in  which  steady  loss  of  weight 
followed  when  the  diet  consisted  of  starch,  sucrose,  lard,  gliadin,  salts 
and  agar-agar,  and  such  losses  were  regained  when  "protein-free  milk" 
or  feces  were  supplied.  This  result  may  have  been  due  to  the  addition 
of  both  the  dietary  essentials,  fat-soluble  A  and  water-soluble  B,  which 
were  lacking  in  the  purified  diet  and  whose  significance  was  not  at  that 
time  appreciated,  as  well  as  possibly  to  the  supplementary  value  of 
the  nitrogenous  compounds,  e.g.,  lysine,  of  the  "protein-free  milk"  or 
feces. 

The  later  discovery  by  Osborne,  Van  Slyke,  Leavenworth  and 
Vinograd  (28)  that  there  is  about  1.34  per  cent  of  lysine  in  the  most 
carefully  purified  gliadin,  and  the  lack  of  evidence  that  "protein-free 
milk"  does  not  supply  lysine  to  some  extent,  renders  very  problemati- 
cal the  correctness  of  the  conclusions  concerning  the  ability  of  the 
maternal  organism  to  synthesize  lysine  through  the  medium  of  the 
mammary  gland  for  the  maintenance  of  the  species,  as  contrasted  with 
the  inability  of  the  young  animal  to  effect  the  same  synthesis  for  its 
own  preservation  during  growth.  The  food  of  the  mother  contained 
lysine  and  the  amount  of  this  amino-acid  available  for  the  synthesis  of 
milk  proteins  depended  upon  the  capacity  of  the  mother  to  consume 
and  digest  food  protein,  poor  in  this  complex,  above  her  own  body 
needs. 

"Protein-free  milk"  contains  about  0.76  per  cent  of  nitrogen  and  a 
diet  containing  28  per  cent  of  this  substance  derives  0.2128  gram  of 
nitrogen  per  100  grams  of  ration  from  this  source.  When  a  food  mix- 
ture is  prepared,  as  were  many  of  those  employed  by  Osborne  and 
Mendel,  by  the  combination  of  18  per  cent  of  purified  protein  with  28 
per  cent  of  "protein-free  milk,"  and  the  remainder  of  the  food  mixture 
was  composed  of  nitrogen-free  substances,  the  resulting  food  mixture 
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derives  93  per  cent  of  its  total  nitrogen  from  purified  protein  and  7 
per  cent  from  the  "protein-free  milk."  The  proportion  of  the  total 
nitrogen  of  the  diet  which  comes  from  the  uncharacterised  forms  in 
"protein-free  milk"  rises,  of  course,  when  the  amount  of  purified  pro- 
tein is  decreased.  In  some  of  their  experiments  in  which  the  purified 
proteins  were  fed  as  low  as  2  per  cent  of  the  food  mixture,  the  assump- 
tion was  made  that  this  purified  protein  furnished  the  sole  significant 
nitrogen  from  the  standpoint  of  nutrition,  but  in  reality  S3  per  cent 
of  the  total  nitrogen  of  the  diet  was  derived  from  the  "protein-free 
milk"  (29).  McOollum  and  Davis  have  presented  evidence  which  in- 
dicates that  this  is  a  source  of  ammo-acids  (30).  This  so-called  "non- 
protein" nitrogen  has  been  consistently  ignored  as  being  of  no  biological 
value,  but  that  Osborne  and  Mendel  now  appreciate  its  significance 
is  shown  by  a  recent  publication  (31). 

Munk  (32)  stated  that  about  A  of  the  total  nitrogen  of  milk  is  in 
the  form  of  "non-protein"  nitrogen.  By  this  he  meant  that  it  could 
not  be  precipitated  by  such  reagents  as  alcohol,  tannin,  copper  hy- 
droxide, etc.  Osborne  and  Mendel  state,  "since  our  protein-free  milk 
powder  was  equal  to  50  per  cent  of  the  total  solids  of  the  milk,  it 
should,  if  Munk's  statements  are  correct*  contain  0.48  per  cent  of  non- 
protein nitrogen,  thus  leaving  at  the  most  only  0.28  per  rent  of  pro- 
tein nitrogen  equal  to  1.69  per  cent  of  protein.  Since  100  grams  of  the 
food  mixture  employed  in  our  experiments  contained  28.2  grams  of 
protein-free  milk  powder,  we  can  assume1  that  at  most  the  food  pastes 
thus  made  contained  only  0.48  per  cent  of  milk  protein"  (33).  They 
further  stated  in  commenting  upon  the  composition  of  their  diet  of 
gliadin,  "protein-free  milk,"  starch,  lard  and  agar-agar:  "such  analyses 
as  we  have  made  indicated  that  the  extent  of  this  contamination  (with 
protein  other  than  gliadin)*  cannot  exceed  0.6  per  cent  of  the  entire  food 
mixture,  a  quantity  of  "normal  protein"  far  too  small  as,  we  have  con- 
vinced ourselves  by  other  studies  directed  to  this  point,  to  meet  the 
nutritive  deficiency  of  gliadin  in  respect  to  growth  (26). 

All  ordinary  milk  is  infected  with  bacteria  during  the  process  of  milk- 
ing, and  it  is  well  known  that  milk  contains  proteolytic  ferments  which 
may  well  within  a  few  hours  convert  a  significant  amount  of  the  pro- 
tein of  the  milk  into  cleavage  products  sufficiently  simple  to  escape 
precipitation  by  the  protein  precipitant w.  Milk  is  also  known  to  contain 
all  the  constituents  of  the  blood  in  small  amounts  and  modern  re- 
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searches  of  Folin  and  Denis  (34)  and  Van  Slyke  and  Meyer  (35)  have 
demonstrated  that  the  blood  is  a  dilute  solution  of  amino-acids.  All 
things  considered  we  believe  that  the  assumption  is  unwarranted  that 
"protein-free  milk"  may  not  serve  as  a  very  significant  source  of  vari- 
ous amino-acids.  In  the  experiments  described  the  assumption  was 
made  that  the  lactating  mother  was  constructing  from  gliadin,  sup- 
posed at  that  time  to  be  practically  free  from  lysine,  the  milk  proteins 
which  contain  an  abundance  of  this  cleavage  product  of  proteins.  Ac- 
cordingly, the  assumption  that  growth  of  the  young  which  were  nurs- 
ing the  mother  on  this  relatively  lysine-poor  diet  affords  proof  of  the 
synthesis  of  lysine  or  a  difference  between  the  chemical  requirements 
of  an  animal  for  growth  as  contrasted  with  maintenance,  cannot  be 
regarded  as  resting  upon  a  sound  experimental  basis. 

The  considerations  which  have  been  discussed  in  their  relation  to  the 
validity  of  the  proof  of  the  ability  of  the  mammary  gland  to  produce 
syntheses  not  possible  for  the  other  tissues  of  the  body,  and  the  theory 
that  the  processes  of  maintenance  differ  chemically  from  those  of 
growth,  serve  likewise  to  emphasize  further  the  fact  that  feeding  ex- 
periments in  which  "protein-free  milk"  is  used  cannot  be  regarded  as 
in  any  way  comparable  with  experiments  in  which  the  diets  consist  of 
carefully  purified  food  substances,  together  with  butter  fat  as  a  source 
of  fat-soluble  A  and  suitably  prepared  extracts  of  natural  foods  to 
furnish  the  second  unidentified  dietary  essential,  water-soluble  B. 
Only  with  diets  of  this  type  can  the  individual  proteins  be  compared 
in  a  way  which  reveals  their  relative  biological  values.  "Protein-free 
milk"  contains  a  liberal  amount  of  water-soluble  B,  and  a  small  and  in- 
adequate amount  of  fat-soluble  A  (31).  Much  of  the  work  done  with 
diets  containing  "protein-free  milk"  may  possibly  have  led  to  cor- 
rect conclusions,  but  it  is  impossible  to  tell  which  of  the  results  are 
trustworthy  and  which  are  not  until  the  work  is  repeated  with  suitably 
controlled  diets. 

Hart  and  Humphrey  (36)  have  reported  the  results  of  several  experi- 
ments so  planned  as  to  compare  the  efficiency  of  a  number  of  protein 
mixtures  for  transformation  into  milk.  These  show  decided  differences 
in  the  biological  values  of  proteins  for  milk  production,  entirely  anal- 
ogous to  what  is  well  established  with  respect  to  difference  in  the 
values  of  individual  proteins  for  growth  (37). 

As  yet  it  has  not  been  shown  that  the  mammary  gland  is  any  more 
efficient  in  the  utilization  of  food  protein  for  milk  production  than  are 
the  tissues  of  the  young  of  a  rapidly  growing  species  for  the  construction 
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of  new  body  tissue.  Apparently  the  same  limitations  hold  in  both 
cases. 

The  quantitative  comparison  of  the  ability  of  the  young  to  utilise 
food  proteins  for  growth  as  compared  with  the  ability  of  the  mammary 
gland  to  utilise  them  for  the  synthesis  of  milk  proteins,  is  attended  with 
peculiar  difficulties.  The  rate  at  which  the  young  can  be  expected  to 
utilize  protein  for  storage  as  new  body  tissue  will  be  determined  by  the 
"growth  impulse"  of  the  species  (37).  The  human  infant  is  not  cap- 
able of  multiplying  its  initial  weight  by  much  more  than  3  during  the 
first  year  of  life  and  cannot  accordingly  be  expected  to  retain  a  high 
percentage  of  the  protein  token  as  food  for  the  formation  of  body 
tissue.  Its  growth  impulse  is  low.  The  domestic  pig,  on  the  other 
hand,  has  the  greatest  growth  impulse  of  any  species  with  which  we  are 
familiar.  It  is  capable,  when  its  diet  is  highly  satisfactory,  of  multi- 
plying its  initial  weight  by  about  200  during  the  first  year  of  life.  The 
pig  is  capable  of  retaining  protein  taken  in  the  food  for  the  formation 
of  body  tissue,  at  a  much  greater  rate  than  is  any  species  whose  ca- 
pacity for  growth  is  decidedly  less  than  its  own.  It  is  only  by  making 
use  of  the  most  rapidly  growing  species  of  which  we  know  that  we  can 
expect  to  secure  data  as  to  the  actual  biological  values  of  a  series  of  pro- 
teins. Only  the  most  rapidly  growing  species  can  be  expected  to  retain 
food  protein  at  the  maximum  rate  made  possible  by  the  peculiar  rela- 
tionships among  the  amino-acids  which  it  yields  on  digestion. 

A  similar  difficulty  is  met  with  in  attempting  to  determine  the  value 
of  the  food  proteins  for  the  formation  of  milk  proteins.  The  extent  to 
which  the  lactating  animal  is  capable  of  converting  food  into  milk  de- 
pends not  alone  upon  the  quantity  of  the  food,  her  capacity  to  digest 
and  assimilate  food  and  on  the  quality  of  the  food  proteins,  etc.,  but 
likewise  in  no  small  degree  upon  the  inherited  milk-producing  tendency 
of  the  individual.  The  results  of  the  extensive  testing  of  individual 
cows  by  the  Babcock  fat  test  during  the  last  twenty-five  years,  have 
revealed  the  fact  that  in  most  dairy  herds  there  are  some  cows  which  are 
not  capable  of  profitable  production,  even  when  given  the  best  food  and 
care.  Milk-producing  capacity  is  an  inherited  trait  and  it  is  only  in 
animals  with  the  power  of  lactation  highly  developed  that  one  may 
expect  to  observe  utilization  of  food  proteins  for  transformation  into 
milk  proteins  at  the  maximum  rate  at  which  the  quality  of  the  food 
proteins,  depending  upon  their  yields  of  the  essential  amino-aciila,  will 
permit. 
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Variability  in  the  composition  of  the  milk  depending  upon  the  compo- 
sition of  the  mother's  food.  A  number  of  investigations  have  been  di- 
rected toward  the  study  of  the  variability  in  the  content  and  relation- 
ships among  the  inorganic  elements  of  the  milk  as  influenced  by  the 
character  of  the  food.  Von  Wendt  (38)  found  that  the  extent  of  the 
variability  of  any  of  the  constituents  of  the  milk  is  very  slight,  too 
slight  indeed  to  be  considered  as  of  significance  as  regards  the  nutri- 
tive value  of  the  secretion.  In  his  experiments  cows  were  fed  mixed 
rations  of  fairly  satisfactory  quality  for  milk  production.  To  these  he 
added  certain  salts  and  studied  the  possibility  of  increasing  the  output 
of  any  element  in  milk.  It  is  not  surprising  that  he  was  unable  to  do 
this  since  the  kidneys  and  intestine  aid  in  preventing  an  accumulation 
of  any  mineral  elements  in  the  blood. 

G.  Von  Bunge  states  that  as  early  as  1872  he  called  attention  to  the 
question  as  to  whether  the  mammary  gland  secretes  inorganic  constitu- 
ents in  the  same  relationship  as  they  occur  in  the  ash  of  the  suckling 
(39).  He  called  attention  to  the  fact  that  the  blood  has  an  entirely 
different  inorganic  content  from  that  of  the  milk  which  is  secreted, 
although  the  mammary  gland  extracts  the  inorganic  materials  from  the 
blood  stream  which  flows  through  it.  The  following  table  has  become 
a  classic  as  an  illustration  of  the  relationship  between  the  character  of 
the  inorganic  content  of  milk  from  different  species  of  animals  and  the 
content  of  the  same  elements  in  the  young  animal. 
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Bunge  pointed  out  that  the  fact  that  the  potassium  content  of  milk 
ash  is  somewhat  greater  than  in  the  ash  of  the  suckling  is  to  be  ac- 
counted for  on  teleological  grounds.  The  growing  animal  is  relatively 
richer  in  potassium  than  in  sodium.  This  depends  on  the  increase  in 
the  content  of  the  potassium-rich  muscle  and  the  relative  decrease  in 
the  proportion  of  sodium-rich  cartilage. 
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The  great  and  constant  differences  in  the  ash  of  the  blood  and  milk 
are  sufficient  to  dispose  of  the  argument  that  the  secreting  gland  acts 
through  the  principle  of  filtration,  removing  the  proteins,  etc.,  from 
the  blood. 

Babcock  (40)  has  described  experiments  with  cows  which  he  de- 
prived of  salt  (NaCD  during  lactation,  and  bis  results  are  of  special 
interest  in  relation  to  the  interpretation  of  our  data.  He  deprived 
cows  of  sodium  chloride,  other  than  that  contained  in  their  food,  for 
varying  periods  up  to  fifteen  months  and  noted  no  decrease  in  the 
yields  of  milk  up  to  a  short  time  before  the  animals  began  to  fail  rap- 
idly. Some  actually  died  from  sodium  chloride  starvation  and  others 
were  saved  from  death  by  the  administration  of  salt.  The  fat  content 
of  the  milk  of  cows  receiving  an  inadequate  salt  supply  was  slightly 
higher  than  in  milk  from  the  control  group. 

Interesting  observations  showing  the  influence  of  over-feeding  of 
sodium  chloride  on  the  character  of  the  milk  of  cows  are  also  cited  by 
Professor  Babcock  (40).  Lowe  in  1861  found  13  per  cent  of  solids  in 
the  milk  of  a  cow  receiving  2.5  ounces  of  salt  per  day.  She  was  given 
double  this  amount  for  three  days  and  the  milk  on  the  fourth  day  con- 
tained but  8  per  cent  of  solids.  After  this  the  cow  was  given  the  usual 
2.5  ounces  of  salt  per  day  and  the  milk  gradually  returned  to  its  normal 
composition.  Mendel  (41)  reports  an  experiment  in  Switzerland  which 
showed  marked  decrease  in  the  solids  of  the  milk  an  the  result  of  feed- 
ing high  intakes  of  salt  to  dairy  cowb.  This  effect  is,  of  course,  due  to 
an  additional  excretion  of  salt  in  the  milk  and  with  an  excessive  output 
of  water,  which  dilutes  the  milk. 

The  effect*  of  under-feeding  and  of  faulty  diets  on  the  persistent*  of 
milk  secretion  in  the  lariating  female.  Brides  and  Palmer  (42)  have  con- 
ducted very  thorough  and  painstaking  experiments  on  the  influence  of 
under-feeding  on  the  flow  and  composition  of  the  milk  in  cows.  Their 
results  reveal  the  fact  that  in  the  early  part  of  the  lactation  period, 
cows  are  able  to  remain  stationary  in  milk  flow  and  produce  the  nor- 
mal amount  for  forty  days  with  only  00  to  7."»  per  cent  enough  energy 
after  subtracting  the  maintenance  requirement.  They  observed  a 
marked  difference  jn  the  effect  of  a  subnormal  plane  of  nutrition  on  the 
milk  flow  depending  on  the  part  of  the  lactation  jsriod  in  which  the 
experiment  was  carried  out.  During  the  later  portion  of  the  lactation 
period  there  is  a  reduction  of  the  flow  in  tvinuiise  to  umlcr-f ceding 
while  this,  as  slated  above,  is  not  the  cane  when  the  unler-fw  ling 
follows  closely  iijm.h  parturition.     Kekles  an  I  Palmer  explain  tint  dif- 
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fcrence  on  the  assumption  that  milk  production  is  caused  by  both  a 
chemical  stimulus  and  a  nervous  stimulus.  The  former  of  these  is 
principally  responsible  for  the  activity  of  the  mammary  gland  during 
early  lactation  and  decreases  in  its  intensity  as  the  lactation  progresses, 
and  is  finally  replaced  in  great  measure  by  the  nervous  stimulus.  80 
long  as  the  chemical  factor  is  chiefly  the  regulating  factor  governing 
the  gland,  milk  production  is  in  great  measure  independent  of  the 
plane  of  nutrition  of  the  cow. 

If  this  law  holds  good  generally  for  lactating  animals,  the  assumption 
would  be  valid  that  in  all  the  nursing  experiments  reported  in  this  paper 
in  which  mother  rats  were  suckling  young  while  taking  diets  on  which 
the  young  themselves  were  not  able  to  grow  after  the  weaning  period, 
the  mothers  were  producing  approximately  the  normal  amount  of 
milk. 

In  the  charts  are  shown  records  in  which  young  rats  grew  at  half 
normal  rate  on  the  milk  of  mothers  whose  food  was  of  such  a  nature 
that  it  could  not  produce  growth  directly.  We  have  the  analogy  with 
the  cow  as  evidence  that  they  were  producing  approximately  the  nor- 
mal amount  of  milk,  and  it  would  seem  to  be  the  only  logical  conclusion 
that  the  young  failed  to  grow  at  the  full  normal  rate  because  of  the 
poor  quality  of  the  milk  produced. 

If  then,  as  seems  to  be  demonstrated  by  the  available  data,  the  mam- 
mary gland  has  no  special  synthetic  power  in  the  synthesis  of  amino- 
acids  and  is  limited  in  the  same  way  as  is  the  young  to  a  supply  of  these 
in  the  food,  and  as  we  have  previously  shown,  the  dietary  essentials 
fat-soluble  A  and  water-soluble  B  are  not  found  in  the  milk  unless 
they  are  in  the  food  of  the  mother  (43),  it  becomes  of  special  interest 
to  discover  in  just  what  manner  the  mother  acts  in  a  protective  ca- 
pacity toward  her  young  when  her  own  diet  is  itself  inadequate  for  the 
nutrition  of  the  young. 

The  effect  produced  in  the  young  rats  suckled  by  mothers  whose  food 
supply  was  limited  to  a  single  grain,  as  wheat,  maize  or  oat  kernel,  with 
or  without  single  or  multiple  additions  of  purified  food  substances  was, 
it  seems  certain,  the  result  of  the  poor  quality  of  the  milk  rather  than 
of  a  limitation  in  the  supply.  A  fact  not  hitherto  appreciated  if  in- 
deed at  all  suspected,  viz.,  that  the  quality  of  milk  as  judged  by  its 
growth-promoting  power  is  dependent  in  a  surprising  degree  upon  the 
quality  of  the  diet  of  the  mother,  is  shown  in  a  conclusive  manner. 
The  differences  in  quality,  if  we  can  judge  by  analogy  witli  the  cow,  are 
of  such  a  nature  as  not  to  be  detectable  by  any  of  the  ordinary  methods 
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of  chemical  analysis.  Even  extraordinary  methods  of  chemical  analy- 
sis could  reveal  the  deficiencies  of  such  milk  only  with  respect  to  its 
inorganic  content. 

We  have  sought  in  the  experiments  reported  in  thin  paper  to  analyie 
by  the  biological  methods,  which  we  have  made  use  of  in  the  study  of 
the  problems  involved  in  the  nutrition  of  the  growing  young,  the 
peculiar  rdle  of  the  mother  in  safeguarding  the  young  in  early  life. 

These  experiments  are  not  directly  comparable  with  those  of  Eckles 
and  Palmer  in  certain  important  respects.  They  fed  mixtures  of  leafy 
foods  and  grains,  mixtures  which  we  have  shown  to  be  dietetically 
complete  (44)  in  that  all  the  essential  dietary  factors  were  present  and 
in  no  very  great  degree  were  there  unsatisfactory  proportions  among 
the  several  factors.  Their  experiments  involved  only  limitations  as  to 
amount.  Our  experimentaf  conditions  reported  in  this  paper  imposed 
special  features — dietary  problems  not  met  with  in  the  case  of  the 
herbivore  but  common  enough  among  human  beings  who  do  not  make 
use  of  dairy  products  as  foods,  unless  they  partake  of  the  leafy  vege- 
tables in  much  greater  amounts  than  are  commonly  eaten  in  this  country. 
Eckles  and  Palmer  were  feeding  a  diet  which  would  induce  growth  in  a 
young  animal  if  supplied  in  sufficient  amount.  The  seeds  which  formed 
the  basis  of  our  food  mixtures  would  not  support  growth  because  of 
three  types  of  deficiencies,  viz.,  inorganic  content,  protein  and  fat- 
soluble  A.  With  sueh  diets  the  distinct  limitations  of  the  maternal 
organism  in  the  matter  of  secreting  normal  milk  are  easily  seen. 

The  results  reported  with  cows  are  in  harmony  with  those  reported 
by  Decaisne  (45)  who  observed  that  during  the  siege  of  Paris  in  1870, 
young  and  vigorous  women  maintained  without  loss  of  weight  and  in 
some  cases  induced  gains  in  their  infants,  when  they  were  themselves 
fasting  or  nearly  so. 

The  studies  here  reported  (charts  1  to  fi)  show  that  the  lactating 
mother  is  limited  in  a  general  way  in  all  respects  as  arc  the  growing 
young  with  respect  to  her  ability  to  effect  chemical  transformations  of 
one  food  complex  into  another,  utilizing  food  proteins  for  milk  produc- 
tion only  to  the  extent  that  they  yield  amino-acids  in  proportions  suit- 
able for  rearrangement  into  milk  proteins.  She  is,  however,  a  very 
important  factor  of  safety  for  her  young  in  thai  her  mammary  tissues 
can  remove  from  the  blood  all  elements  necessary  for  the  production  of 
milk,  approximating  more  nearly  the  normal  in  quality  than  was  the 
food  from  which  it  was  produced.  She  can  pass  these  on  into  the  milk 
in  decidedly  more  favorable  relationships  than  they  exist  in  her  food. 
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This  the  mammary  gland  can  do  when  nourished  by  blood  which  con- 
tains certain  inorganic  elements  in  such  relationships  as  render  the 
circulatory  fluids  of  the  body  a  pabulum  from  which  the  tissues  of  the 
young  cannot  secure  satisfactory  supplies  to  permit  the  cells  to  grow, 
even  though  the  organic  portion  of  the  diet  is  satisfactory.  In  other 
words  she  can  present  to  her  dependent  offspring  a  more  satisfactory 
inorganic  food  supply  than  she  herself  receives,  and  through  the  me- 
dium of  the  mother  the  young  is  enabled  to  progress  well  toward  the 
attainment  of  the  adult  size  in  an  environment  in  which  the  food  supply 
is  of  such  character  as  would  not  support  growth  if  it  were  not  for  the 
medium  of  the  mother.     (See  charts  3  to  5.) 

The  well  established  facts  concerning  the  relation  between  the  char- 
acter of  the  diet  and  the  formation  of  milk  may  be  briefly  summarized  as 
follows : 

1.  The  evidence  seems  conclusive  that  there  is  no  special  synthetic 
power  of  the  mammary  tissue  by  reason  of  which  ammo-acids  can  be 
formed  which  are  not  found  in  the  food.  In  other  words,  the  maternal 
organism  is  limited  in  milk  secretion  in  the  same  way  as  is  the  growing 
animal  in  regard  to  its  amino-acid  supply.  Both  must  have  the  same 
list  of  amino-acids  preformed  and  circulating  in  the  body  fluids.  Diets 
employed  in  this  type  of  study  must  be  rigidly  controlled  so  as  to  pre- 
clude the  possibility  of  the  animals  procuring  the  special  complexes 
from  "protein-free  milk,"  feces,  etc.,  on  whose  absence  the  validity  of 
the  observations  rest. 

2.  The  mammary  gland  performs  the  function  of  elaborating  pro- 
teins of  extraordinary  biological  value  from  the  products  of  digestion 
of  the  food  proteins.  This  involves  no  synthetic  activity  by  which 
one  amino-acid  is  transformed  into  another  but  only  a  selective  absorp- 
tion from  the  blood  and  reconstitution  of  the  amino-acids  which  cir- 
culate in  the  blood  into  complexes,  the  milk  proteins,  which  in  turn  are, 
when  taken  as  food,  very  efficiently  transformed  into  tissue  proteins  for 
growth. 

3.  The  mammary  gland  picks  up  from  the  blood  both  the  chemically 
unidentified  food  essentials,  fat-soluble  A  and  water-soluble  B,  and 
passes  these  into  the  milk,  but  it  is  unable  to  produce  either  of  these 
substances  anew.  When  one  or  the  other  of  them  is  absent  from  the 
mother's  diet,  it  is  not  found  in  the  milk  (43).  We  have  shown  the 
possibility  of  producing  milk,  poor  or  lacking  in  each  of  these  substances 
and  therefore  not  capable  of  inducing  growth. 

4.  The  mammary  gland  has  the  capacity  to  function  approximately 
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normally  when  nourished  by  a  blood  stream  which  contains  the  mineral 
elements,  sodium,  chlorine  and  calcium  in  amounts  too  low  to  enable 
the  tissue  cells  to  grow.  This  is  shown  by  the  fact  that  the  inorganic 
content  of  the  milk  produced  from  a  diet  whose  content  of  these  ele- 
ments is  too  low  to  admit  of  growth  in  the  young  is  of  distinctly  better 
quality  for  supporting  growth  than  is  the  food  from  which  it  was 
formed.  This  represents  a  very  important  factor  of  safety  in  the 
preservation  of  the  species. 

5.  It  ts  evident  from  the  character  of  the  curves  of  growth  of  the 
young  in  charts  1  to  6  that  the  quality  as  well  as  the  quantity  of  the 
protein  of  the  diet,  together  with  the  content  and  character  of  the  in- 
organic portion  of  the  food  supply,  are  factors  of  importance  for  milk 
production  commensurate  with  that  of  an  adequate  amount  of  both  the 
fat-soluble  A  and  water-soluble  B. 

6.  Even  after  the  young  has  attained  a  stage  of  development  at  which 
it  can  eat  of  the  mother's  ration,  the  supplementary  contribution  of 
milk  by  the  mother  serves  to  greatly  enhance  the  proteins  derived 
from  vegetable  foods  and  to  partially  correct  the  inorganic  faults  in  the 
latter  as  well  as  to  give  the  young  a  much  greater  supply  of  fat-soluble 
A  than  it  could  itself  ingest  in  the  form  of  vegetable  fonts.  Fat-soluble 
A  in  not  abundant  in  the  vegetable  foods  and  the  action  especially  of 
the  .herbivorous  mother  in  concentrating  in  the  milk  fats  the  intake 
of  this  substance  in  her  large  intake  of  food,  constitutes  a  surprising 
protective  relationship  of  the  mother  to  her  young.  The  results  of  the 
present  series  of  experiments  show  that  milk  is  superior  to  the  vege- 
table mixtures  on  which  the  herbivorous  mother  feeds  in  its  physical 
properties,  its  easy  digestibility  and  in  its  favorable  inorganic  content. 

The  experiments  descrit>ed  in  the  charts  demonstrate  the  following 
facts:  (1)  That  the  mother  may  take  a  single  seed  as  food  and  produce 
milk  in  sufficient  quantity  and  of  such  quality  that  growth  can  proceed 
at  a  subnormal  rate  whereas  the  young  could  not  thcmselvcN  grow  at  all 
on  the  mother's  diet;  (2)  when  the  inorganic  deficiencies  of  the  seed  are 
corrected,  the  mother  can  induce  much  better  growth  in  the  young  than 
without  such  correction;  (3)  the  improrement  of  the  proton  or  thr  fat- 
tolubte  A  content  of  the  nerd  causes  Utile  improvement  in  the  quality  of  the 
milk  when  the  mineral  content  of  the  flirt  remain*  unrorrreted. 

These  result*  for  milk  production  are  in  agreement ,  except  in  degree, 
with  the  Ix'havMir  of  young  when  fed  a  seed  k implemented  in  the  same 
manner.  The  mother  can  take  a  wed  as  her  sole  food  and  put  into  the 
milk  an  inorganic  wilt  content  whieh  is  very  inueh  more  -<at  is  factory  for 
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the  nutrition  of  the  young  than  is  that  contained  in  the  seed.  It  is  in 
this  respect  that  she  serves  as  the  greatest  factor  of  safety  in  the  nutri- 
tion of  her  young.  Hie  other  ways  in  which  the  maternal  organism 
assists  the  relatively  helpless  young  in  its  nutrition  have  been  already 
pointed  out. 

It  is  now  well  established  that  the  seeds,  tubers  and  root  foods  are 
closely  comparable  from  the  dietary  standpoint  in  that  their  deficiencies 
are  of  the  same  type  and  order,  all  being  storage  organs  relatively  poor 
in  cellular  elements.  Muscle  tissue  is  principally  composed  of  highly 
specialized  contractile  tissue  and  contains  but  relatively  little  substance 
comparable  in  its  metabolic  activity  with  the  cellular  organs  such  as  the 
liver,  kidney  and  other  glands.  It  should,  according  to  our  theory  of 
the  relation  of  dietary  properties  to  function,  be  classed  with  the 
storage  organs  of  plants  rather  than  with  cell-rich  tissues  such  as  the 
leaf.  It  is  not  possible  to  make  up  diets  derived  from  even  these  four 
types  of  foodstuffs  (seeds,  tubers,  roots  and  muscle  tissues  (17) )  in 
any  combinations  which  will  induce  normal  nutrition.  It  should  fol- 
low from  the  studies  now  reported,  and  there  can  be  little  doubt  of 
the  correctness  of  this  view,  that  milk  produced  by  a  mother  whose 
food  consists  entirely  of  seed  products,  tubers  and  meat,  will  not  be  of 
very  satisfactory  quality  for  inducing  growth. 

DISCUSSION   OF  RESULTS 

We  have,  in  previous  papers,  shown  that  there  is  but  one  way  in 
which  an  adequate  diet  can  be  made  up  entirely  from  vegetable  sources, 
provided  we  ignore  the  possibility  of  the  chance  supply  through  the 
drinking  water  of  such  a  mineral  element  addition  to  the  diet  as  will 
make  good  the  deficiencies  of  all  the  seeds  in  calcium,  sodium  and 
chlorine,  viz.,  by  making  suitable  combinations  of  the  leaf  and  seed 
(44).  There  is  small  chance  that  a  diet  derived  entirely  of  seeds  will, 
even  when  the  water  furnished  contains  the  proper  minerals,' prove  of 
very  satisfactory  quality  for  the  support  of  growth.  We  have  empha- 
sized the  fact  that  the  present  tendency  in  parte  of  the  United  States 
to  derive  the  diet  almost  entirely  from  seeds,  tubers  and  meat,  is  re- 
sponsible for  the  lowered  vitality,  loss  of  efficiency  and  the  appearance 
of  diseases  of  dietary  origin  (46).  Our  studies  also  afford  abundant 
proof  that  highly  successful  diets  can  be  made  up  of  mixtures  of  seeds 
and  milk  (17).    The  importance  of  the  dairy  industry  as  a  factor  of 
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safely  in  the  nutrition  of  the  adult  population  of  the  more  progres- 
eive  nations  of  the  world  makes  the  results  of  these  studies  of  the 
relation  of  the  mother  to  the  young  applicable  to  the  every  day  prob- 
lems in  the  nutrition  of  man,  adult  as  well  as  infant. 

The  three  most  important  seeds  employed  as  foods  in  America  are 
the  wheat,  oat  and  maize  kernels.  Each  of  these  contains  all  the  ele- 
ments and  chemical  complexes  which  are  essential  in  the  diet  of  the 
(trowing  young  animals,  yet  each  when  it  serves  as  the  sole  source  of 
nutriment  for  a  young  animal  fails  to  induce  any  growth  and  cannot 
long  maintain  life.  The  most  elaborate  chemical  analysis  throws  prac- 
tically no  light  on  the  reasons  for  the  failure  of  nutrition  in  animals 
so  fed.  Even  mixtures  of  these  three  seeds,  in  any  proportions,  do  not 
support  growth.  The  reasons  for  this  we  have  shown  by  our  biological 
method  for  the  analysis  of  foodstuffs  (22)  to  rest  in  the  inadequate 
character  of  the  inorganic  moiety  of  the  several  grains  as  the  first  limit- 
ing factor,  the  shortage  of  the  fat-soluble  A  as  the  second,  and  the 
relatively  poor  quality  of  the  proteins  as  the  third  factor.  The  latter 
fault  is  lees  pronounced  in  mixtures  of  the  grains  than  in  each  of  them 
as  the  sole  source  of  protein. 

Among  peoples  who  subsist  almost  entirely  upon  polished  rice  and 
fixh,  the  disease  beriberi  is  of  common  occurrence  and  it  not  infre- 
quently happens  that  infants  nursing  mothers  suffering  from  the  disease 
likewise  contract  beriberi  in  the  first  months  of  life.  The  cause  of 
beriberi  is  now  well  known  to  be  the  consumption  of  a  diet  which  may 
be  unsatisfactory  in  several  respects,  but  the  specific  cause  of  the 
syndrome  is  the  selective  fasting  of  the  individual  for  the  unidentified 
dietary  essential  water-soluble  B  (4).  Diets  so  made  up  that  they  are 
known  to  be  adequate  in  every  respect,  except  for  the  shortage  of  this 
substance,  induce  the  onset  of  the  disease  within  a  few  weeks.  An- 
drews (47)  attempted  to  throw  light  on  the  etiology  of  infantile  beri- 
hcri  by  inducing  Philippine  women,  whose  infants  ha  1  just  died  of  beri- 
beri, to  nurse  young  pups.  These  in  all  eases  developed  the  paralysi* 
of  the  posterior  extremities  which  is  one  of  the  eharaet crust ic  symptom* 
of  the  disease.  The  cause  of  the  disease  had  not  at  that  lime  been  es- 
tablished, whether  it  is  due  to  some  toxie  agent  or  to  a  lack  of  some 
essential  substance  in  the  diet.  Andrews'  experiments  are  of  great 
interest  in  connection  with  our  own.  in  which  we  made  up  diets  which 
were  deficient  only  in  respect  to  the  dietary  factor,  water-soluble  B, 
and  ot  (served  that  young  rats  wen'  unable  to  grow  on  the  milk  of 
mothers  after  the  latter  wen*  restricted  for  a  few  days  to  these  food 
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mixtures,  but  responded  with  growth  in  about  forty-eight  houra  after 
the  addition  of  an  alcoholic  extract  of  wheat  germ,  which  supplied  the 
missing  dietary  essential  (43).  Andrews'  studies  with  human  milk  are 
confirmed  and  explained  by  our  own  with  rats,  and  establish  the  fact 
that  milk  production  may  take  place  under  dietary  conditions  such  that  the 
product  is  deficient  in  certain  complexes  necessary  for  growth. 

We  have  recently  called  attention  to  the  fact  that  there  is  a  second 
dietary  deficiency  disease  analogous  with  beriberi,  in  that  it  is  the  spe- 
cific result  of  a  shortage  of  the  chemical  substance  fat-soluble  A  in  the 
diet.  This  is  a  type  of  xerophthalmia  of  dietary  origin  and  is  charac- 
terized by  an  edematous  condition  of  the  eyes,  followed  speedily  by 
blindness  unless  the  missing  dietary  essential  is  supplied  (5).  Clinical 
evidence  is  available  in  the  observations  of  Mori  (48),  Bloch  (49), 
H.  Rffnne  (50),  Czerny  and  Keller  .(51),  that  this  syndrome  which 
became  known  through  nutrition  studies  on  animals,  has  repeatedly 
occurred  as  a  human  disease. 

As  we  have  elsewhere  pointed  out  (5),  there  is  but  one  way  to  produce 
this  condition  of  the  eyes,  viz.,  by  selectively  fasting  an  animal  for 
the  dietary  essential  fat-soluble  A,  and  it  can  be  relieved  only  by  sup- 
plying in  the  diet  the  missing  dietary  complex.  From  among  the 
numerous  citations  in  the  literature  of  eye  affections  among  poorly 
nourished  peoples  in  many  parts  of  the  world,  we  have  found  it  impos- 
sible to  decide  whether  the  xerophthalmia  of  dietary  origin  has  been 
sometimes  confused  with  trachoma  or  other  eye  infections.  It  will  be 
of  special  interest  if  clinicians  will  keep  in  mind  the  possibility  that 
edema  of  the  tissue  surrounding  the  eyes,  inflammation  of  the  cornea 
with  or  without  perforation,  followed  in  extreme  cases  by  blindness, 
may  have  their  origin  in  a  specific  lack  in  the  diet  in  a  manner  entirely 
analogous  to  beriberi.  The  subject  is  mentioned  here  because  milk 
may  be  very  poor  in  the  dietary  essential,  fat  soluble  A,  when  the  diet 
of  the  mother  is  derived  almost  wholly  from  seeds  and  seed  products, 
especially  those  derived  from  the  endosperm,  e.g.,  wheat  flour,  degermi- 
nated  corn  meal,  polished  rice,  starch,  sugars,  syrups,  together  with 
vegetable  fats  or  the  reserve  fat  deposits  of  the  animal  body  (lard, 
suet,  etc.). 

The  light  which  the  experimental  data  described  in  this  paper  throws 
upon  the  relation  between  the  quality  of  the  diet  and  the  quality  of  the 
milk  as  a  food,  may  be  considered  in  its  possible  relation  to  the  high 
incidence  of  rickets  among  infants  in  classes  of  people  who  live  in  pov- 
erty.    Among  the  very  poor  there  is  a  strong  tendency  to  restrict  the 
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diet  to  bread  and  other  seed  products,  syrups  and  molasses,  together 
with  potatoes,  sweet  potatoes  and  small  amounts  of  meat.  We  now 
know  that  such  diets  do  not  produce  satisfactory  results  in  the  nutri- 
tion of  animals,  and  that  the  milk  of  the  mother  taking  such  diets  is 
likely  to  be  of  very  poor  quality  as  food  for  ber  infant.  It  seems  not 
improbable  that  future  investigations  may  show  a  relationship  between 
the  lowered  resistance  of  infants  so  fed  and  the  development  of  rickets, 
whatever  may  be  the  exact  nature  of  the  immediate  causative  agent 
of  the  disease.  Hess  (52)  has  recently  described  the  diets  of  negro 
mothers  in  the  Columbus  Hill  District  in  New  York  City,  whose  in- 
fants  almost  universally  suffer  from  rickets.  The  mothers'  diets  con- 
sist of  seed  products,  tubers  and  meat  almost  exclusively.  Milk,  the 
leafy  vegetables  and  fruits  are  scarcely  eaten  at  all. 

One  of  the  most  interesting  and  surprising  facts  which  has  come  from 
our  systematic  studies  with  simplified  diets  is  the  remarkable  dependence 
of  the  young  animal  upon  a  suitable  content  of  several  mineral  elements 
in  its  food  supply.  An  animal  cannot  grow  on  one  of  the  cereal  grains 
as  the  sole  food  supply  but  if  1  per  cent  of  sodium  chloride  and  1.5 
per  cent  of  calcium  carbonate  be  added  to  a  cereal  grain  a  consider- 
able amount  of  growth  may  take  place.  All  the  elements  contained  in 
these  salts  are  present  in  the  seeds  but  not  in  sufficient  amounts.  Ap- 
parently the  kidney  fails  to  hold  back  these  elements  as  effectively  as  it 
should  and  thereby  renders  the  young  animal  much  more  in  danger  of 
failing  to  secure  a  sufficient  intake  of  these  elements  than  would  be  the 
case  if  the  kidney  were  able  to  excrete  the  waste  products  of  metabolism 
and  at  the  same  time  bold  back  and  permit  to  accumulate  in  the  blood 
stream  and  lymph  a  concentration  of  mineral  elements  which  would  be 
favorable  for  the  nutrition  of  the  body  tissues  during  growth.  This  it 
fails  to  do,  and  growth  can  take  place  in  those  mammals  which  have 
been  studied  only  when  certain  mineral  elements  are  coming  from  the 
alimentary  tract  at  or  above  a  certain  rate.  The  kidney  seems,  there- 
fore, in  some  cases  involving  a  low  intake  of  inorganic  salts  in  the  diet, 
to  be  the  tissue  whose  limitations  determine  the  ability  of  the  young 
animal  to  grow. 

A  suggestive  feature  of  the  results  of  these  studies  is  the  deduction 
which  may  reasonably  be  drawn  concerning  the  quality  of  the  blood  as 
a  pabulum  for  the  nourishment  of  the  tissues  in  general  when  the  diet 
is  derived  too  exclusively  from  the  seeds  of  plants.  It  has  been  pointed 
out  how  different  is  the  inorganic  content  of  the  milk  as  compared  with 
that  of  the  blood  serum,  and  it  is  well  known  that  the  proteins  of 
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milk  are  the  specific  product  of  the  mammary  tissue  and  are  not  found 
in  the  blood. 

The  lactose  is  derived  from  the  glucose  which  is  ever  present  in  the 
blood.  These  facts  seem  to  indicate  the  inability  of  the  mammary 
glands  to  function  properly  because  of  the  poor  quality  of  the  blood  in 
respect  to  salts  or  protein  cleavage  products,  or  to  the  fat-soluble  A 
or  water-soluble  B,  when  the  blood  gets  its  supply  of  these  substances 
from  an  intestine  which  is  digesting  cereal  grains  exclusively.  As 
stated  above,  the  product  of  the  mammary  gland  is  specific  and  widely 
different  from  the  blood,  yet  it  is  sensitive  to  such  changes  in  the 
blood  as  may  arise  from  the  too  exclusive  eating  of  seeds.  The  ques- 
tion which  suggests  itself  is,  how  do  the  remaining  tissues  of  the  body 
fare  when  purveyed  to  by  a  blood  which  does  not  admit  of  the  pro- 
duction of  growth-promoting  milk?  Diets  derived  almost  exclusively 
from  seeds  such  as  peas,  navy  beans,  com,  wheat,  rice  and  rolled  oats 
and  tubers,  such  as  potato,  cause  stunting  and  admit  the  early  onset 
of  signs  of  senility,  and  the  span  of  life  is  short  (17).  The  debilitating 
influence  of  such  diets  is  a  factor  in  the  public  health  which  should 
be  more  generally  appreciated  than  it  is  both  by  the  physician  and  the 
laity.  It  requires  grave  dietary  faults  to  produce  such  serious  condi- 
tions as  scurvy,  rickets  and  beriberi.  There  are  tens  of  thousands  of 
human  mothers  who  are  attempting  to  nurse  infants  on  diets  derived  too 
largely  from  the  seeds  of  plants  and  their  milled  products.  Such  diets 
produce  inferior  milks  and  may  be  the  cause  of  grave  disorders  in  the 
very  young.  Dietary  mistakes  of  a  minor  character  which  debilitate 
the  tissues  and  lead  to  inefficiency,  lack  of  resistance  to  bacterial  in- 
fection, and  pave  the  way  to  the  onset  of  errors  in  metabolism  are 
very  common.  In  but  few  instances  does  the  human  machine  run  past 
middle  life  without  developing  a  rattle  somewhere.  It  is  clear  from  ex- 
perimental evidence  now  available  that  there  are  causes  other  than 
those  proposed  by  Metchnikoff  responsible  for  the  gradual  diminution 
of  vitality  which  daily  brings  us  nearer  to  the  condition  where  we  are 
classed  with  the  great  army  of  the  unfit. 

It  is  certain  that  milk  is  a  better  food  for  the  young  during  the 
suckling  period  that  is  any  ration  which  can  possibly  be  compounded 
from  vegetable  sources.  If  the  mother  is  practically  limited  in  respect 
to  the  synthetic  capacity  of  her  mammary  tissue  in  the  same  way  that 
the  suckling  is,  except  in  the  formation  of  milk  sugar  from  glucose,  is  it 
only  in  the  physical  properties  and  digestibility  of  milk  and  in  the  pe- 
culiar character  of  its  carbohydrate  that  milk  is  more  suited  for  the 
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nutrition  of  the  suckling  than  is  the  coarser  food  eaten  by  the  mother? 
The  experiment*  described  in  this  paper  indicate  that  a  shortage  of  <vr~ 
tain  inorganic  salts  in  the  diet  of  the  lactating  mother  may  become  a  fac- 
tor of  great  importance  in  determining  the  quality  of  the  milk.  (Com- 
pare charts  3,  4,  5  and  6.) 

It  may  be  argued  that  the  faulty  diets  employed  in  our  experiments 
(charts  1  to  6)  caused  depression  of  the  growth  of  the  young  by  re- 
ducing the  milk  production  of  the  mothers  rather  than  by  changing  the 
composition  of  the  milk  with  respect  to  some  one  or  more  of  the  im- 
portant constituents.  We  cannot  state  from  actual  record*  of  milk 
production  in  the  rat  whether  the  volume  of  milk  produced  remained 
sufficient  for  the  growth  of  the  young  throughout  the  periods  of  de- 
pressed growth,  but  the  observations  on  women  (4*>)  and  cows  (42) 
just  cited  bear  directly  on  this  point.  Furthermore,  in  our  own  records 
young  are  regularly  shown  to  grow  long  after  they  heroine  able  to 
eat  of  the  mother's  diet,  when  the  latter  is  of  a  character  which  cannot 
support  growth  when  it  serves  as  the  sole  food  supply.  There  can 
be  no  other  explanation  for  this  than  that  the  mothers  continue  to 
supplement  the  food  supply  of  the  young  with  fairly  liberal  contributions 
of  milk. 

From  the  experiments  just  cited  we  have  data  strictly  comparable  to 
our  own  where  mother  rats  are  limited  for  their  supply  of  mineral  ele- 
ments to  the  single  seed  which  furnished  the  major  portion  of  the  diet. 
The  needs,  wheat,  oats  and  maize,  we  have  shown  are  too  poor  in  so- 
dium, chlorine  and  calcium  to  permit  young  animals  to  grow  appreci- 
ably, and  we  see  in  the  case  of  the  lactat  ing-  mother  attempting  to 
induce  growth  in  a  litter  of  four  young  an  inability  to  produce  milk  of 
a  character  which  enables  the  young  to  grow  beyond  a  limited  rate,  but 
the  milk  is  ttetter  for  the  nutrition  of  the  young  than  is  the  mother's 
diet.  From  the  data  furnished  by  Babcock  (40),  by  fokle*  and 
Palmer  (42)  and  by  Decaisne  (45),  as  well  as  by  our  own  charts  it 
seems  certain  that  failure  to  produce  a  sufficient  quantity  of  milk  was 
not  the  cause  of  partial  stunting  of  the  young,  but  rather  too  low  a 
content  of  those  mineral  elements  which  the  seeds  fail  to  supply  in 
amounts  sufficient  to  meet  the  needs  of  a  growing  animal.  These  ex- 
penmen ts  seem  to  afford  evidence  that  diets  containing  no  more  of 
certain  inorganic  elements  than  are  furnished  by  the  more  important 
seeds  employed  as  human  and  animal  foods  may  leal  t;>  the  produc- 
tion of  milk  of  poor  quality  as  a  growth-promoting  food. 
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EXPERIMENTAL  METHODS 

In  order  to  study  the  extent  to  which  the  mother  con  serve  as  a  pro- 
tective agent  in  producing  milk  of  a  character  suitable  for  the  nutri- 
tion of  her  young  when  she  is  fed  upon  a  diet  on  which  the  young, 
after  weaning,  are  not  able  to  grow,  we  adopted  the  following  pro- 
cedure: The  female  rats  were  fed  our  211*  ration  until  they  delivered 
their  young.  The  litter  was  then  in  all  cases  reduced  to  four  young  in 
order  that  the  nutritive  undertaking  of  all  the  mothers  should  be  com- 
parable and  in  no  case  burdensome.  The  mother  was  then  restricted 
to  the  diet  described  in  the  chart  with  her  curve,  and  frequent  weigh- 
ings were  made  of  both  mother  and  young,  from  which  the  curves  were 
plotted.  The  curve  of  the  mother  is  placed  at  the  bottom  of  the  chart 
and  the  curve  showing  the  collective  weighings  of  the  four  young  is 
placed  directly  above.  A  drop  in  the  curve  of  the  young  indicates  that 
at  that  point  the  litter  was  reduced  by  the  death  of  one  or  more,  to 
three,  two,  etc.,  young.  Supplementary  data  regarding  the  condition 
of  the  young  and  mothers  are  presented  in  tabular  form  in  tables  1, 
2,  and  3. 
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Chart  1.  These  curves  illustrate  the  dietary  value  of  the  milk  of  a  mother  fed 
rolled  oats  alone,  rat  738;  oats  plus  fat-soluble  A,  rat  843;  oats  plus  such  salt 
additions  as  were  necessary  to  correct  the  inorganic  deficiencies  of  the  oat  ker- 
nel, rat  890;  and  oate  plus  salts  plus  fat-soluble  A,  rat  1078.  For  comparison 
there  is  drawn  on  each  chart  the  excellent  growth  curve  of  four  young  whose 
mother  received  our  211  ration,  which  is  one  of  excellent  quality  for  inducing 
growth  and  reproduction  (63).  The  weights  represented  by  the  curves  are 
those  of  the  four  young  collectively. 

Rat  738:  Diet  rolled  oats  100  per  cent.  These  young  grew  decidedly  slower 
than  they  should  up  to  the  16th  day  after  birth,  and  increased  in  weight  very 
little  from  that  time  on.  They  died  on  the  37th,  40th  and  44th  days  respec- 
tively. Rolled  oats  have  been  shown  (12)  to  require  the  addition  of  three  in- 
organic elements,  sodium,  chlorine  and  calcium,  an  addition  of  fat-soluble  A 
and  an  addition  of  more  protein  before  becoming  dietetically  complete.  The 
fact  that  these  young  grew  as  much  as  they  did  is  proof  that  the  inorganic  con- 
tent of  the  milk  was  much  more  satisfactory  than  that  of  the  oat  kernel  for  the 
promotion  of  growth.  Rat  899  was  able  on  a  diet  of  rolled  oats  plus  salts  to 
induce  much  greater  growth  in  her  young.  The  proteins  of  the  oat  kernel  are 
of  better  quality  than  are  those  of  wheat  or  maize  as  is  shown  by  the  good  growth 
secured  in  the  young  of  rat  1978  as  compared  with  lots  1943  (chart  4)  and  1913 
(chart  6).  whose  diet  consisted  of  rolled  oats  plus  salts  and  butter  fat  (fat-sol- 
uble A).  The  young  of  rat  738  were,  however,  not  normal  for  at  about  the  age 
of  18  to  19  days  they  were  seised  with  paroxysms  in  which  they  would  throw 
themselves  about  the  cage,  screaming  as  if  in  pain.  Within  a  few  minutes  they 
would  fall  exhausted.  This  performance  they  would  repeat  after  intervals  of 
varying  lengths.    They  usually  died  soon  after  being  obscrvedin  this  condition. 

Rat  843,  whose  diet  consisted  of  rolled  oats  and  butter  fat  (fat-soluble  A)  was 
not  able  to  induce  much  better  growth  in  t|er  young  than  did  rat  738  on  a  diet  of 
oats  alone.  The  first  limiting  factor  in  oats  as  a  food  for  growing  animals  is  the 
inorganic  content  of  the  seed,  and  the  same  is  true  with  oats  as  a  food  for  the 
lactating  mother.  The  shortage  of  the  factor,  fat-soluble  A,  is  also  very  im- 
portant for  without  this  being  added  growth  ceased  at  an  early  date.  The  eyes 
of  these  young  were  inflamed  but  not  swollen. 

Rat  983  whose  diet  consisted  of  rolled  oats,  purified  protein  and  fat-soluble  A, 
was  not  able  to  produce  milk  of  much  better  quality  than  she  could  havedone 
with  either  one  of  these  additions  omitted.  The  proteins  of  the  oat  do  not  need 
much  improvement.  Although  additional  fat-soluble  A  is  needed  and  its  addi- 
tion distinctly  improved  the  quality  of  the  milk  as  is  shown  by  the  fact  that 
growth  was  continuous  at  about  half  the  optimum  rate  during  the  first  45  days 
of  life,  the  young  at  that  time  began  to  die.  That  it  was  the  butter-fat  addition 
which  caused  such  improvement  as  was  seen  in  the  quality  of  the  milk  is  em- 
phasised by  a  comparison  of  the  growth  curves  of  the  young  of  rats  738,  843  and 
983.  chart  1,  with  that  of  rat  948,  chart  2.  In  the  latter  case  oats  and  purified 
protein  (casein)  proved  to  be  no  better  than  oats  alone  for  milk  production. 

Rat  899,  on  a  diet  of  rolled  oats  and  salts  did  surprisingly  well  in  inducing 
growth  in  her  young.  Up  to  the  24th  day  their  growth  waa  nearly  normal.  At 
this  age  young  rats  begin  to  eat  of  the  mother's  ration.  Young  rats  do  not 
grow  at  all  when  restricted  to  this  diet  (12).    This  shows  that  the  mother  ean 
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take  a  diet,  the  mineral  content  of  which  is  not  suitable  for  growth  in  the  young, 
and  produce  milk  which  has  a  distinctly  better  mineral  content  for  the  sup- 
port of  growth  than  had  the  food  from  which  she  produced  it.  Before  young 
can  grow  at  all  on  oats  after  weaning,  both  a  salt  mixture  and  fat  soluble  A 
must  be  added.  This  ability  to  fare  better  than  other  body  tissues  when  nour- 
ished by  a  blood  stream  which  is  too  low  in  certain  mineral  elements  to  permit 
of  symmetrical  body  growth,  distinguishes  the  mammary  gland  from  the  muscle, 
nervous  and  glandular  tissues  and  other  tissues  of  the  young.  The  fact  that  these 
young  continued  to  grow  between  the  24th  and  45th  day  indicates  that  they 
were  still  securing  milk  from  the  mother  during  this  period  and  that  this  milk 
supplemented  in  some  degree  the  deficiencies  of  the  diet  of  oats  and  salts. 

Rat  1978  whose  diet  contained  but  60  per  cent  of  rolled  oats  (9  per  cent  pro- 
tein) supplemented  with  salts  and  fat-soluble  A,  was  able  to  induce  continuous 
growth  at  somewhat  below  the  optimum  rate  over  a  period  of  60  days.  On  this 
diet  young  rats  cannot  grow  to  any  appreciable  extent  (12),  (54).  It  follows  from 
this  that  these  young  must  have  been  getting  such  a  milk  supply  from  the  mother 
during  the  entire  sixty  days  as  supplemented  the  oat  and  salt  diet  with  respect 
to  fat-soluble  A  and  protein  otherwise,  judging  from  our  earlier  records,  they 
should  have  ceased  to  grow  when  the  milk  supply  gave  out.  It  would  appear 
from  this  that  when  the  female  rat  is  not  fertilised  she  may  continue  to  produce 
milk  for  at  least  sixty  days. 

Chart  2,  completing  the  series  of  experiments  described  in  chart  1.  Rat  980, 
whose  diet  consisted  of  rolled  oats  plus  20  per  cent  of  skim  milk  powder  (Mer- 
rell-Soulc)  was  able  to  induce  good  but  not  the  optimum  rate  of  growth  in  her 
young.  It  is  possible  that  this  was  due  to  a  low  intake  of  fat-soluble  A,  rather 
than  to  failure  of  20  per  cent  of  skim  milk  powder  to  supplement  the  inorganic 
deficiencies  of  the  oat  kernel.  This  view  is  supported  by  the  records  of  rats 
1020  and  1019,  in  both  of  which  oats  plus  protein  and  salts  were  fed  and  the  growth 
of  the  young  fell  below  normal  because  of  the  inadequate  supply  of  fat-soluble  A. 

Rats  1020  and  1019  show,  respectively,  the  good  growth  which  the  young  were 
able  to  make  on  the  milk  produced  by  oats  supplemented  in  the  first  case  with 
gelatin  and  salts,  and  in  the  second  by  casein  and  salts.  The  growth  of  the 
young  was  near  the  optimum  rate  in  both  cases.  Iu  a  previous  paper  (54)  it  has 
been  shown  that  gelatin  supplements  the  oat  proteins  better  than  does  casein 
for  the  production  of  growth  in  the  young.  From  the  rate  of  development  of  the 
young  on  these  two  rations  one  would  be  inclined  to  pronounce  both  highly  sat- 
isfactory, but  we  know,  however,  from  the  results  of  a  long  series  of  feeding 
experiments,  that  these  diets  were  too  poor  in  the  dietary  factor,  fat-soluble  A 
to  promote  optimum  wellbeing  over  a  prolonged  period.  Such  studies  have 
made  it  clear  that  in  order  to  correctly  evaluate  any  food  mixture  it  is  essen- 
tial that  not  only  "normal"  curves  of  growth  be  secured,  but  the  animals  must 
be  observed  until  it  becomes  apparent  whether  they  breed  at  the  same  age  as  do 
rats  on  the  best  rations,  and  if  later,  how  much.  It  must  be  determined  whether 
they  produce  the  normal  number  of  young  and  rear  them  almost  without  excep- 
tion to  the  weaning  age,  and  observations  should  determine  whether  the 
second  generation  can  develop  satisfactorily  on  the  diet.  If  the  female  rat  is 
near  the  optimum  in  nutrition,  she  will  become  fertilized  usually  within  two 
weeks  after  being  freed  from  her  nursing  young  and  plaoed  with  a  male.    In  ad- 
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ditioQ  to  these  observations  valuable  data  can  be  secured  by  observing  the 
age  at  which  the  animals  first  show  signs  of  senility  as  shown  by  skin  and  coat 
changes  and  by  genera]  appearance.  Only  with  sw.h  observation*  can  one  say 
with  finality  what  are  the  relative  biological  value*  of  a  series  of  rations. 

The  curve  of  rat  984  presents  the  records  of  young  which  grew  at  half  the  nor- 
mal rate  on  the  milk  derived  from  die  mother's  diet  of  rolled  oats,  gelatin  and 
butter  fat.  On  account  of  the  low  content  of  chlorine,  sodium  and  calcium, 
this  ration  will  not  induce  any  growth  in  young  animals.  The  mother  was  able 
to  accumulate  the  necessary  salts  from  the  blood  stream  and  to  secrete  a  milk 
which  contained  a  more  favorable  mineral  content  than  did  the  food  which  she 
was  taking.  Attention  has  already  been  called  to  similar  results  with  other 
diets  with  the  some  type  of  deficiency.  (Rats  738,  843,  983,  chart  1) ;  (rats  949  and 
948.  chart  2). 

Rat  949,  whose  ration  consisted  of  oats  plus  gelatin,  induced  about  half  nor- 
mal growth  in  her  young  but  the  young  died  between  the  50th  and  60th  days. 
Oat  proteins  and  gelatin  constitute  a  mixture  of  high  biological  value  for  growth 
(54).  The  inorganic  content  of  this  diet  is  the  first  limiting  factor  as  is  shown  by 
a  comparison  of  the  curves  of  the  young  of  rat  949  with  those  of  rat  1020.  We  have 
not  observed  good  results  in  feeding  growing  rats  on  diets  derived  principally 
from  rolled  oats  (12). 

Rat  948  received  a  diet  of  rolled  oats  and  casein.  The  result  was  the  pro- 
duction of  milk  which  was  Faulty  in  character  (if  we  may  safely  compare  the  rat 
with  the  cow),  and  not  so  constituted  as  to  enable  young  rats  to  grow  when  re- 
stricted to  it  as  their  sole  food.  The  mortality  of  the  young  in  the  first  week  of 
life  was  100  per  cent  for  the  other  six  litters  which  we  observed.  We  have  no 
explanation  to  offer  for  this  result.     (See  table  1,  chart  2.) 

Chart  3.  These  curves  show  the  dietary  value  of  the  milk  of  the  mother  rat 
when  limited  to  whole  wheat  and  to  whole  wheat  supplemented  with  either  puri- 
fied protein  or  fat-soluble  A.  The  curve  of  211  represents  the  growth  of  a  litter 
of  four  young  whose  mother  was  receiving  a  highly  satisfactory  diet,  described 
in  the  legend  to  chart  1. 

Rat  709,  which  was  limited  to  whole  wheat  as  her  sole  food,  succeeded  in  pro- 
ducing milk  which  supported  growth  in  her  young  during  the  first  24  days,  after 
which  they  gained  but  very  little.  It  is  not  known  how  long  the  young  suc- 
ceeded in  extracting  any  milk  from  the  mother.  One  young  had  already  died 
on  the  49th  day  and  the  remaining  ones  died  on  the  53rd  add  57th  days  respec- 
tively. We  have  pointed  out  that  young  rats  do  hot  grow  at  alt  when  confined 
to  a  diet  of  whole  wheat  (10).  It  follows,  therefore,  that  the  mother  in  this 
experiment  was  producing  milk  from  a  diet  upon  which  the  young  were  them- 
selves unable  to  grow  and  the  milk  was  capable  of  supporting  growth  at  more 
than  half  the  normal  rate  during  the  first  25  days.  Either  lactation  fell  off  at 
this  time  or  the  quality  of  the  milk  greatly  deteriorated  as  the  stores  of  the 
mother's  body  became  depleted.  The  latter  explanation  seems  to  harmonise 
best  with  the  character  of  the  curve  of  the  mother  and  with  the  persistence 
with  which  other  species,  as  the  cow,  are  known  to  continue  in  lactation  under 
conditions  of  faulty  nutrition.  On  this  ration  of  whole  wheat  alone,  the  eyes  of 
both  mother  and  young  were  inflamed  and  swollen,  indicating  partial  starvation 
for  the  dietary  factor  fat-soluble  A  (5). 
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Rat  842  received  &  diet  of  wheat  plus  fat-soluble  A  and  induced  growth  in  her 
young  at  a  nearly  normal  rate  during  the  first  ten  days,  after  which  the  rate 
fell  off  somewhat.  They  were  kept  in  steady  growth -during  45  days,  however, 
by  the  milk  of  the  mother  when  she  was  taking  a  diet  which  was  itself  incapable 
of  supporting  any  growth  whatever  in  the  young.  The  moat  striking  feature  of 
this  is  in  her  ability  to  put  into  the  milk  an  inorganic  mixture  of  such  compo- 
sition and  amount  as  is  greatly  superior  to  that  contained  in  her  food. 

Rat  946  which  was  taking  a  diet  of  wheat  and  casein  fell  slightly  below  the  per- 
formance of  rat  709,  on  wheat  alone.  This  is  probably  to  be  accounted  for  by  the 
lowering  of  the  inorganic  intake  of  the  mother  through  the  dilution  of  the  wheat 
with  purified  casein.  The  protective  capacity  of  the  mother  in  her  relation  to 
her  young  is  easily  seen,  for  on  this  food  mixture  young  rats  cannot  grow  at 
all  (10)  while  the  lactating  mother  can  take  it  and  produce  milk  with  fair  growth- 
promoting  power.  Her  capacity  to  do  this  does  not  hold  up  efficiently  beyond  a 
limited  period,  as  is  to  be  expected.  An  addition  of  a  salt  mixture  was  made  on 
the  86th  day  after  the  young  were  born.  There  was  a  prompt  response  with 
growth  in  the  two  remaining  young  and  an  increase  in  weight  by  the  mother. 

Chart  4.  These  records  complete  the  series  described  in  chart  3.  The  curves 
of  rats  900  and  1943,  both  indicate  that  the  quality  of  the  wheat  proteins  is  so  low 
that  it  forms  one  of  the  limiting  factors  in  determining  the  capacity  of  the  lac- 
tating mother  to  produce  milk  of  such  a  character  as  to  promote  growth  in  the 
young.  The  addition  to  wheat  of  either  salts  alone  or  of  salts  and  fat-soluble  A, 
fails  to  supplement  whole  wheat  so  as  to  enable  her  to  produce  milk  of  the  best 
quality,  as  is  shown  by  the  shape  of  the  growth  curve  for  the  young.  Growth 
was  continued  in  both  these  experiments  far  beyond  the  time  at  which  the  young 
begin  to  depend  in  large  measure  upon  the  diet  of  the  mother.  Since  some  growth 
can  be  secured  in  young  rats  fed  wheat  plus  salts  alone  or  with  the  further  addi- 
tion of  butter  fat  (fat-soluble  A)  the  records  here  shown  do  not  indicate  so 
great  a  protective  action  of  the  mother  in  safeguarding  the  welfare  of  her  young 
as  is  seen  in  certain  other  cases  described. 

Rat  982  whose  ration  consisted  of  wheat,  protein  and  fat-soluble  A  was  un- 
able to  produce  milk  of  excellent  quality  and  there  can  be  little  doubt  that  the 
limiting  factor  in  determining  the  quality  of  the  milk  was  the  low  content  of 
the  elements,  sodium,  chlorine  and  calcium  in  the  food  mixture  of  the  mother. 
This  is  strikingly  illustrated  by  the  growth  curve  of  the  young  of  rat  1018,  whose 
ration  of  whole  wheat  was  improved  by  the  addition  of  both  salts  and  protein. 
On  this  food  mixture  the  mother  was  able  to  produce  milk  of  excellent  quality. 

As  just  stated,  rat  1018  succeeded  in  rearing  young  on  wheat  with  protein 
and  salt  additions.  When  her  record  is  considered  in  comparison  with  those  of 
rats  900,  982  and  1943,  it  is  seen  how  dependent  the  lactating  mother  is  upon  the 
character  and  amount  of  the  inorganic  content  of  her  diet,  and  the  comparison 
likewise  demonstrates  that  she  is  much  more  independent  of  this  factor  than 
is  the  young  rat  in  its  ability  to  grow. 

In  the  light  of  these  records,  the  lactating  mother  stands  in  a  new  and  hitherto 
unsuspected  relation  to  diets  which  are  in  some  degree  faulty  for  the  nutrition 
of  the  young. 

Wheat  is  shown  by  these  records  to  be  decidedly  richer  in  fat-soluble  A,  and 
the  behavior  of  the  young  to  be  influenced  less  by  the  omission  or  inclusion  of 
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this  factor  than  was  the  caae  with  oat  diets.  (Compare  chart  2,  lots  1010  to  1020.) 
The  dietary  properties  of  wheat  are  discussed  in  full  in  a  former  publication  (10). 

Chart  fi.  The  curves  shown  in  this  chart  illustrate  the  behavior  of  young  rata 
when  dependent  upon  the  milk  produced  by  mothers  whose  diets  were  restricted 
to  the  maize  kernel  and  to  maize  with  single  purified  food  additions. 

Rat  737  was  restricted  to  a  diet  of  ground  corn.  The  growth  of  her  young  was 
only  about  half  the  normal  rate  but  was  continued  for  three  weeks  after  the 
young  are  supposed  normally  to  depend  upon  the  adult  diet.  This  means  that 
the  milk  which  the  mother  continued  to  contribute  during  the  entire  45  days  of 
the  record  served  as  an  important  factor  of  safety  for  the  young.  Two  young 
died  on  the  42d  and  45th  days  respectively,  and  the  others  were  unable  to  de- 
velop further  on  a  diet  of  corn  plus  such  milk  as  the  mother  was  able  to  contribute 
after  that  time. 

Hats  S9S  and  947,  whose  diets  consisted  of  corn  plus  salts  and  corn  plus  pro- 
tein respectively,  both  failed  to  produce  milk  which  had  much  growth-promoting 
power.  As  in  the  case  of  wheat,  the  two  factors  of  greatest  importance  in  mak- 
ing corn  a  poor  food  for  milk  production  are  the  inorganic  content  and  the  poor 
quality  of  its  proteins.  This  is  made  evident  by  the  record  of  rat  1017,  chart  0. 
She  was  able  to  induce  nearly  the  optimum  rate  of  growth  in  her  young  when  the 
protein  and  inorganic  contents  of  the  corn  kernel  were  supplemented  by  purified 
food  additions.     (See  also  chart  4,  lot  1018.) 

Chart  6.  These  records  continue  the  series  described  in  chart  5.  Rat  844, 
whose  diet  consisted  of  corn  and  butter  fat  did  no  better  in  inducing  growth  in 
her  young  than  did  those  in  chart  5,  where  corn  without  any  additions  and  with 
single  additions  other  than  fat-soluble  A  were  fed.  Both  corn  and  wheat  appear 
from  the  nursing  records  described  as  of  distinctly  better  quality  with  respect 
to  their  content  of  fat-soluble  A  than  is  rolled  oats.  These  records  are  in  har- 
mony with  our  studies  on  growth  with  these  grains  (10),  (11),  (12).  The  oat  ker- 
nel contains  proteins  of  distinctly  better  quality  than  are  those  of  the  wheat  or 
corn  kernels.  This  is  shown  by  the  fact  that  in  the  case  of  both  wheat  and 
com  both  fat-soluble  A  and  protein  must  be  added  before  nearly  normal  milk 
could  be  produced,  whereas  in  the  case  of  the  oat  kernel,  rat  1078  (chart  I), 
showed  marked  superiority  in  the  quality  of  her  milk  as  compared  with  rat 
1943  (chart  4),  whose  ration  consisted  of  wheat  supplemented  with  salts  and 
butter  fat,  and  rat  1042  (chart  6),  whose  diet  consisted  of  corn  with  the  same 
supplements.  ■ 

Rats  081  and  1942,  when  compared,  demonstrate  that  for  the  production  of 
normal  milk  the  maise  kernel  must  be  improved  with  respect  to  both  the  protein 
and  inorganic  factors.  The  second  periods  in  these  two  curves  have  little  sig- 
nificance in  the  matter  of  showing  anything  about  the  quality  of  the  milk  which 
the  mothers  may  have  been  producing  at  that  time.  It  can,  however,  be  readily 
seen  from  the  growth  of  the  young  of  rat  1017  (chart  6),  that  the  quality  of  the 
milk  produced  is  excellent  when  the  diet  of  maise  is  supplemented  with  both  pro- 
tein and  salts.  In  the  second  periods  the  young  of  rats  081  and  1042  should 
have  been  able  to  grow  on  the  diets  supplied  them,  without  any  aid  in  the  way 
of  supplemental  milk  feeding  by  the  mother.  These  parts  of  the  curves  dem- 
onstrated clearly  the  capacity  of  the  young  to  grow  when  the  character  of  the 
diet  was  satisfactory. 
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Fig.  1  Fig.  2 

Fig.  1.  The  picture  above  shows  the  appearance  of  the  normal  eyes  of  the  rat. 

The  picture  below  shows  the  condition  of  the  eyes  which  is  brought  on  by  a 
lack  of  sufficient  fat-soluble  A  in  the  diet.  This  we  have  described  as  a  type 
of  xerophthalmia. 

Fig.  2.  The  rat  above  was  78  days  old  and  weighed  52  grams  when  photo- 
graphed. The  diet  of  its  mother  was  satisfactory  in  all  respects,  except  that  the 
quality  of  the  protein  was  poor.  The  protein  of  a  diet  derived  solely  from  seeds 
and  seed  products  is  inadequate  for  the  formation  of  normal  milk. 

The  rat  below  was  59  days  old  and  weighed  160  grams  when  photographed. 
The  milk  of  the  mother  was  of  excellent  quality  and  supported  rapid  growth  in 
the  young. 

Both  animals  had  access  to  the  food  of  their  mothers  as  soon  as  they  were 
able  to  run  about.  At  the  age  of  25  days  the  rat  above  weighed  16  grams,  that 
below  weighed  45  grams. 
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I.    INTRODUCTION 

In  spite  of  the  general  impression  that  trauma  and  severe  pain  fre- 
quently lead  directly  to  shock,  there  is  still  a  great  diversity  of  opinion 
as  to  whether  experimental  shock  can  be  produced  by  these  agents 
alone.  Occasionally  nerve  stimulation  or  crushing  the  testes  is  re- 
ported to  have  been  successful  in  producing  shock  in  experimental 
animals  (1).  Most  experimenters,  however,  finding  that  prolonged 
stimulation  of  nerves  or  infliction  of  trauma  does  not  reduce  the  mean 
blood  pressure  to  a  low  level,  give  up  this  mode  of  experimentation  and 
resort  to  such  measures  as  exposing  of  the  intestines,  clamping  the  in- 
ferior vena  cava,  etc. 

Although  exposure  and  handling  of  the  intestines  probably  offer  the 
most  certain  means  of  inducing  circulatory  failure,  attention  has  been 
frequently  directed  to  the  fact  that  such  drastic  procedures  are  rarely 
if  ever  reduplicated  in  man,  even  in  the  most  extensive  laparotomies. 
Furthermore,  the  extreme  congestion  of  the  splanchnic  vessels  found 
in  these  conditions  is  apparently  rare  in  those  human  cases  of  trau- 
matic and  surgical  shock  that  come  to  operation  (2).  Small  wonder, 
therefore,  that  the  question  is  frequently  raised  whether  the  circu- 
latory conditions  thus  inaugurated  are  comparable  to  those  found  in 
other  forms  of  shock. 

It  was  therefore  decided  to  reinvestigate  the  question  whether  pain 
and  trauma  can  produce  shock  in  experimental  animals  and,  if  suc- 
cessful, to  compare  the  dynamics  of  the  circulation  in  this  condition 
with  that  following  intestinal  exposure. 
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II.   THE   CRITERION   OF  CENTRAL   NERVOUS  SYSTEM   SHOCK   AND 
CIRCULATORY   FAILURE 

The  term  "shock"  is  now  commonly  employed,  especially  among 
laboratory  investigators,  to  characterize  a  condition  of  low  arterial 
pressure  and  an  impaired  peripheral  circulation;  in  short,  the  term 
is  used  synonymously  with  "circulatory  failure."  There  is  strong 
evidence,  clinical,  experimental  and  in  some  cases  morphological,  that 
functional  or  physical  damage  to  the  central  nervous  system  forms  an 
important  part  of  the  picture  to  which  the  term  "shock"  is  clinically 
given  (3).  The  degree  of  involvement  is  apparently  variable,  de- 
pending on  the  nature,  intensity  and  location  of  the  injury.  In  trauma 
involving  the  spinal  cord  or  brain,  complete  loss  of  consciousness  and 
all  the  phenomena  characteristic  of  spinal  shock  produced  in  the  lab- 
oratory may  be  present.  If  the  injury  is  peripheral  the  sensibility 
may  be  reduced,  a  state  of  apathy  exist  and  the  reflexes  may  be  abol- 
ished, or  these  signs  of  central  nervous  involvement  may  be  less  ex- 
treme and  all  of  the  reflex  reactions  and  even  the  muscular  power 
may  lie  normal.  The  latter  is  apparently  the  case  in  "wound  shock" 
(4).  In  regarding  the  shock  producing  power  of  trauma  applied 
peripherally,  therefore,  it  is  necessary  to  consider  not  only  whether 
the  blood  pressure  may  be  reduced  to  a  low  level  in  this  way  but 
whether  demonstrable  functional  changes  in  the  central  nervous  sys- 
tem take  place.  In  order  to  avoid  confusion  the  term  "central  nerv- 
ous system  shock"  is  employed  as  descriptive  of  a  condition  in  which 
functional  impairment  of  the  central  nervous  system,  recognizable  by 
such  signs  as  apathy,  reduced  or  abolished  sensibility  and  loss  of  re- 
flexes, is  present.  To  the  dynamic  circulatory  changes  which  lead  to 
an  impaired  blood-supply  of  the  tissues  and  low  blood  pressures  the 
term  "circulatory  failure"  is  applied.  Upon  this  basis  separate  cri- 
teria as  to  whether  the  animal  is  in  a  condition  of  central  nervous 
system  shock  and  whether  circulatory  failure  is  present  must  be 
established. 

A  criterion  for  determining  the  presence  of  "central  nervous  system 
shock"  is  readily  formulated.  Since  normal  dogs,  even  after  pro- 
longed ether  anesthesia  (six  to  eight  hours)  recover  from  ether,  as 
given  by  us,  in  less  than  fifteen  minutes,  we  may  safely  consider 
"shock"  involving  the  central  nervous  system  present  when,  after  dis- 
continuing the  anesthetic,  the  animals  he  in  a  relaxed  state  several 
hours  and  when  during  this  interval  they  fail  to  react  to  sensory 
stimulation. 
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The  degree  of  circulatory  involvement  is  more  difficult  to  estinrit". 
Complete  circulatory  failure  is  obviously  present  when  the  mean  ar- 
terial pressure  is  exceedingly  low  ami  certainly  imminent  when  the 
venous  pressure  has  fallen  markedly.  Evidence  is  accumulating,  how- 
ever, that  a  very  serious  involvement  of  the  circulation  may  he  pres- 
ent without  a  marked  reduction  of  mean  arterial  pressure.  Circula- 
tory efficiency,  as  correctly  emphasized  by  Henderson  (5),  depends 
primarily  on  the  volume  of  blood  perfusing  the  organs.  Of  this  the 
pressure  curve  recorded  by  the  mean  pressure  manometer  is  an  even 
less  accurate  indicator  than  is  commonly  appreciated.  To  determine 
the  volume  flow  through  all  the  organs  of  the  body  directly  is  not  a 
simple  procedure  and  can  not  be  attempted  without  materially  disturb- 
ing the  circulation.  In  many  cases,  however,  the  pressure  curves  of 
the  arteries,  when  optically  recorded,  are  of  differential  value.  A 
normal  flow  through  the  peripheral  organs  predicates  that  a  consider- 
able flow  must  continue  during  the  relatively  long  interval  of  diastole. 
When,  therefore,  the  decline  of  pressure  (which  indicates  the  rate  of 
volume  flow  through  the  peripheral  vessels  for  the  major  portion  of 
the  cardiac  cycle)  occurs  only  during  systole,  while  the  pressure  de- 
clines very  slightly  or  not  at  all  during  diastole,  we  may  be  certain 
that  marked  circulatory  involvement  exists,  no  matter  what  the  mer- 
cury manometer  registers. 

III.    METHOD    AND    PROCEDURE 

In  order  to  study  the  question  whether  pain  and  trauma  per  m 
are  able  to  induce  shock,  it  is  necessary,  on  the  one  hand,  to  adequately 
control  all  accessory  or  contributory  influences  arising  in  the  experi- 
mental method  and,  on  the  other,  to  make  certain  that  conditions  for 
producing  shock  are  approximately  as  favorable  as  in  man. 

Anctfwia.  It  seems  probable  that  the  potency  of  peripheral  stimuli 
and  trauma  in  producing  reactions  in  the  body  leading  to  shock  and 
circulatory'  failure  depends,  to  a  considerable  extent,  on  how  little  the 
conducting  mechanisms  of  the  spina)  cord  and  brain  are  depressed  by 
the  anesthetic.  Forbes  and  Miller  (6),  using  the  action  currents  as  a 
guide,  found  that  deep  ether  anesthesia  abolishes  or,  at  least,  greatly 
reduces  nerve  impulses  to  the  cerebrum.  The  anesthesia,  therefore, 
should  be  light  and  only  sufficient  to  abolish  pain  sensation.  It  is 
possible  indeed  that  failure  to  indue-  shock  readily  by  traumatic  in- 
fluences may  in  part  be  duo  to  too  deep  an  anesthesia.     According  to 
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Henderson  and  Haggard  {7),  light  ether  anesthesia  must  be  cautiously- 
employed,  however,  for  the  possibility  exists  that  the  attendant  stimu- 
lation of  respiration  itself  may  result  in  shock.  To  control  this  factor 
the  ether  anesthesia  in  about  half  of  the  experiments  was  preceded  by 
a  small  dose  of  morphine  and  deep  breathing  thereby  avoided.  Two 
experiments  were  performed  under  morphine  anesthesia  alone  after  the 
preliminary  operation  had  been  completed.  Etherization  in  all  ex- 
periments was  carried  out  as  follows:  A  large  amount  of  ether  was 
poured  into  a  cone  tightly  wrapped  with  towels  and  the  animal  rapidly 
anesthetized.  Tracheotomy  was  then  quickly  performed  and,  during 
the  rest  of  the  operation,  ether  was  administered  through  the  trachea 
by  the  closed  method.  Having  completed  the  operative  procedures 
required  for  attaching  manometers  to  record  venous  pressures,  intra- 
thoracic pressure  variations,  mean  arterial  pressure  and  the  optical 
tracing  desired,  the  trachea  was  connected  by  inspiratory  and  expira- 
tory valves,  the  former  in  partial  circuit  with  a  Brodie  ether  bottle. 
From  now  on  fresh  air  admixed  with  ether  was  supplied  for  each  in- 
spiration and  the  expired  air  escaped  by  the  expiratory  valve.  Obser- 
vations were  then  immediately  started. 

As  in  the  research  recently  communicated  (8),  the  gross  features  of 
the  circulation  were  followed  by  continuous  records  and  observation 
of  the  respiration  and  mean  arterial  pressure.  The  differential  venous 
pressure  was  at  first  followed  by  a  differential  water  manometer  but, 
as  this  was  found  to  be  absolutely  erratic,  sometimes  even  as  regards 
directional  changes  of  effective  venous  pressures,  during  and  following 
the  very  excessive  breathing  brought  about  in  these  experiments,  it 
was  discarded.  Instead,  the  effective  venous  pressure  was  determined 
as  in  former  years  (9)  by  algebraic  addition  of  the  right  auricular 
pressure  (read  directly  on  a  water  manometer)  and  the  intrathoracic 
pressure  variations  recorded  by  a  calibrated  tambour  on  the  drum. 
For  this  reason  the  readings  of  effective  venous  pressures  here  re- 
ported are  absolute  and  not  merely  relative  as  in  a  paper  published 
recently  (8).  After  a  preliminary  half-hour's  observation  of  the  nor- 
mal circulation  the  testes  were  crushed  periodically  or  the  sciatic  nerve 
was  dissected  out  and  the  central  end  stimulated  for  approximately 
two  minute  intervals  between  which  a  pause  of  thirty  seconds  was 
allowed. 
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IV.    KFKKCTS  ON  THE  REACTIONS  OF  THE  CENTRAL  NERVOUS  SYSTEM 

Crushing  of  the  testes  and  spermatic  cord  and  stimulation  of  the 
sciatic  nerves  caused  (with  one  exception  in  twenty-one  experiments! 
a  very  intense  effect  ln>th  on  the  depth  and  rate  of  respiration**.  In 
no  instance,  even  after  intensely  deep  breathing  had  continued  for 
the  greater  part  of  two  hours,  did  permanent  apnea  or  death  from 
respiratory  failure,  sueli  as  reported  by  Henderson  (10)  after  in  ten— 
artificial  respiration,  take  place.  Following  tilt'  deep  breathing  a 
very  shorl  period  of  apnea  occurred  or  the  respirations  1>ccajiic  tem- 
porarily shallow.  Continued  periodically  for  a  time  interval  ranging 
from  forty  minutes  to  one  and  one-half  hours,  this  left  most  of  the 
animals  in  a  slate  of  "central  nervous  system  shock."  This  occurred 
in  sixteen  out  of  the  twenty-one  experiments;  it  was  impossible  to 
bring  the  remainder  to  this  condition.  The  percentage  is  sufficient ly 
lurge  to  conclude  that  the  symptoms  of  "cent  ml  nervous  system  shock" 
may  l>e  induced  in  this  way.  More  in  detail,  the  animals  lay  quietly 
when  the  anesthetic  had  hern  removed  and  failed  to  react  to  auditory, 
I*iu*'h,  lemiieraturp  or  pain  stimuli.  In  several  animals,  after  more 
than  an  hour  had  elapsed  a  sciatic  nerve  was  dissected  out  and  clamp:-d, 
with  no  reaction  or  objection  on  the  part  of  the  animal.  During  this 
slagc  the  winking  rcHex  was  present,  the  pupils  wen'  dilali-d,  lachry- 
mal ion  and  salivary  secretions  wen'  profuse. 

Of  the  sixteen  ex|x'riment«  in  which  this  state  of  shock  supervened 
the  outcome  wait  fatal  in  seven,  death  being  due  to  accidental  caus-s 
in  two.  The  other  five  may  lie  said  to  have  died  of  "shock."  AH  of 
these  fatal  cases  followed  crushing  of  the  testes,  while  none  of  the 
animals  in  which  (he  sciatic  nerve  alone  wax  stimulated  succumlied. 
The  remaining  nine  animals  eventually  recovered.  In  these  shock 
was  produo-d  by  crushing  the  l"stes  in  two  animals;  by  sciatic  stimu- 
lation in  two  and  by  combine)!  crushing  and  stimulation  in  five.  The 
mode  of  lecovery  was  intent* ting.  In  most  cxpcriiiicnls  evidence  of 
recovery  liecaiiic  manifest  within  two  lo  four  hours.  It  Ix-gan  with 
an  iiicica-c  in  rale  and  depth  of  respirations  and.  in  some  instanc*. 
souk-  slowing  of  the  heart.  Til.'  animal  then  rcacled  more  and  more 
readily  lo  painful  stimuli  applied  to  the  foreli-gs  and  thorax  but  re- 
mained iiiin-]niii-ivc  to  similar  stimuli  applied  to  ih»  posterior  por- 
tions of  tin-  l--ly.  Gradually  these  also  were  rfT.-ctive  and  finally  the 
animal  began  to  chow  signs  of  ennseiousne-s.  This  stage  usually  re- 
united iilsnil  an  hour  and  at  that  time  it  was  obviously  m-erssary  to 
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discontinue  observations  on  the  state  of  the  circulation.  Gradually 
voluntary  movements  reappeared,  first  in  the  fore-  and  then  in  the 
hind-legs.  The  dog  then  sat  up  and  walked  about,  responded  to 
calling  and  in  some  cases  ate  or  drank.  Several  dogs  in  which  the 
trachea  and  neck  operations  were  surgically  repaired  survived  until  the 
next  day  and  ate  at  that  time.    They  were  then  killed. 

V.    CIRCULATORY  CHANGES   IN   SHOCK 

Circulatory  changes,  of  course,  were  inaugurated  by  each  infliction 
of  trauma  and  upon  stimulation  of  the  sciatic  nerves.  The  nature  of 
these  reactions  is  well  known  to  physiologists.  Sciatic  stimulation 
promptly  produces  an  elevation  of  mean  arterial  and  effective  venous 
pressures.  The  latter  is  undoubtedly  due  largely  to  the  mechanical 
effect  of  deep  breathing  aided,  perhaps,  by  the  reflex  cardiac  slowing. 
The  rise  of  mean  pressure  is  predominantly  due  to  a  reflex  vasoconstric- 
tion. Crushing  of  the  testes  likewise  increases  the  effective  venous 
pressure  through  the  mechanical  influence  of  augmented  breathing. 
The  mean  arterial  pressure,  however,  lowers,  owing  largely  to  the 
reflex  vasodilation. 

Considering  the  central  nervous  system  effects  produced  by  sciatic 
stimulation  and  crushing  experiments  in  the  light  of  these  early  circu- 
lation disturbances,  it  is  obvious  that  the  most  serious  involvement 
of  the  central  nervous  system  is  produced  only  when  the  peripheral 
vessels  are  primarily  dilated  and  a  passive  anemia  of  the  central  nerv- 
ous system  is  present. 

The  same  holds  true  as  regards  the  degree  of  circulatory  involve- 
ment of  the  five  animals  that  failed  to  develop  "central  nervous  system 
shock."  Stimulation  of  the  sciatic  nerve  was  used  exclusively  in 
three  cases  and  a  combination  of  sciatic  stimulation  and  crushing  of 
testes  was  utilized  in  the  other  two.  In  these  cases  the  circulatory 
changes  upon  cessation  of  the  noxious  influences  were  not  affected  to 
any  marked  extent. 

The  sixteen  animals  that  developed  reactions  of  the  central  nervous 
system  characteristic  of  shock  may  be  grouped  as  follows,  according 
to  their  circulatory  condition: 

A,  Five  animals  died  in  shock.  Four  of  these  showed  circulatory 
changes  closely  resembling  those  described  in  the  case  of  progressive 
and  complete  circulatory  failure  following  intestinal  exposure.  One 
animal  showed  no  marked  alteration  of  the  venous  or  arterial  pressure 
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but  toward  the  end  the  circulation  rapidly  failed  from  an  acute  cardiac 
insufficiency. 

B.  Two  animals  showing  pronounced  degree  of  "central  nervous 
system  shock"  and  a  considerable  reduction  of  venous  and  arterial 
pressure  died  from  accidental  causes.  These  must  be  left  out  of 
consideration. 


Fix.  1.  Churl  showing  progressive  <•  hunzts  in  arterial  prciwiire,  effort  ivc  vrnmm 
lircHNiirr  mid  heart  rate  following  repeated  crushing  of  testes  and  leading  finally 
In  death.  Hoiimn  numerals  refer  to  optical  records  uf  arterial  pressure  taken  al 
i'(irrr'H|Hiiiitiiif(  {minis.      Some  of   these  arc  shown  in  figure  2. 

('.  Nine  animals  showed  marked  signs  of  "central  nervous  system 
shock"  from  which  they  subsequently  recovered.  All  of  these  animals 
showed  a  distinct  involvement  of  the  circulation,  although  complete 
circulatory  failure  was  at  no  time  present.  A  more  detailed  analysis 
of  the  heinodyn antics  follows; 

Skork  arrumpauiid  by  ronpUlr  rirribfory  fatlurt  anil  UrtoiMtinf  fatally 
Tin-  gross  changes  uf  tin-  circulation  of  one  experiment  art-  detiilisj  in  the  plot 
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of  figure  1  and  a  few  segments  of  th«  optical,  arterial  tracings  corresponding  in 
number  lo  (lie  points  marked  on  the  pint  are  shown  in  figure  2.  For  thirty  min- 
utes after  the  opera  I  ion  had  been  completed  the  moan  arterial  pressure  averaged 
ISO  mm.  and  the  normal  contour  of  the  arterial  pressure  eurvc  did  not  alter. 
Crushing;  of  the  testes  was  begun  at  11.36  a.m.  and  wan  repealed  at  short  inter- 
vals, as  indicated  by  arrows  on  the  plot  or  figure  1. 

Kvery  application  of  violence  resulted  in  (II  a  Tall  of  mean  arterial  pressure; 
{2\  a  marked  acceleration  and  augmentation  of  respiration  with  great  expira- 
tory effort :  IS)  an  increase  in  the  absolute  and  effect  ive  venous  pressures.  The 
latter  occurred  whether  venous  pressure  was  high  or  low,  thereby  demonstrat- 
ing the  mechanical  ability  or  deep  breathing  to  augment  venous  pressure  At 
first  the  fall  of  arterial  pressure  was  accompanied  by  cardiac  acceleration.  The 
optical  recitrds  obtained  at  this  time  show  evidence  of  decreased  arterial  tilling 
tlig.  2).     The  amplitude  is  greater,  the  primary  wave  larger  anil  the  systolic 

porti Iodine*  more  rapidly   (fig.  -'.  //  and  III).     Inasmuch  as  the  effective 

venous  pressure  actually  increased  during  the  stimulation  ami  the  heart  Decel- 
erated, the  diminished  tilling  of  the  arterial  trunks  ran  lie  attributed  only  to  a 
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tig  3.  Throe  segments  of  optically  recorded  pressure  variations  from  right 
ventricle  taken  from  the  ease  of  shook  summarized  in  table  I.  Roman  numerals 
correspond  to  those  of  this  table. 

reduction  in  peripheral  resistance  probably  reflex  in  character.  After  cessation 
of  a  single  (or  sometimes  several)  attempt  at  crushing  the  testis,  the  respiration 
trccamc  slower  anil  shallow,  mean  arterial  pressure  returned  In  a  level  al<ove 
normal  and  the  optical  curves  regained  their  normal  contour  (fig.  '2.  IV  and  17 1 
Following  frequent  repetitions,  however,  the  mean  pressure  recovered  less 
and  less  and  the  effective  venous  pressure  Ix-camc  progressively  lower.  The 
optical  tracings  ifig.  2,  I'll  to  XIII)  show  a  progressive  decrease  in  amplitude, 
indicating  that  the  cardiac  discharge  was  impaired.  The  heart  beeamc  pro- 
gressively slower  At  12.51  p.m.  crushing  was  discontinued  and  the  animal  «m 
left  unmolested.  Both  the  mean  arterial  and  effective  venous  pressures  con- 
tinued on  their  downward  curs,.  Kther  was  discoiilinu.il  at  1.03  p.m.  and 
the  unimal  never  again  reacted  to  painful  stimuli  until  death  occurred  at  t  17 
p.m.  The  optical  curves  are  shown  in  segments  AT//.  XVIII  and  XXVIII  of 
figure  'J.  I'ost  mortem  examination  showed  the  intestinal  loop*  to  lie  pale  and 
the  veins  poorly  filled. 

Tliiw  rxprriiiwnt  is  typical  of  ft-w  ciwwt  in  which  tr.uinifi  alono  or 
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in  combination  with  sciatic  stimulation  rapidly  produced  a  condition 
of  shock  accompanied  by  circulatory  failure  recognizable  by  the  fall 
of  mean  arterial  and  venous  pressure  alone.  That  the  circulatory 
failure  in  these  cases  is  similar  to  the  cases  of  abdominal  shock  pre- 
viously reported  and  predominantly  of  cardiac  origin,  is  further  sug- 
gested by  the  changing  contour  of  the  pressure  curves  optically  recorded 
for  the  right  ventricle.  This  is  shown  in  an  experiment  from  which  the 
curves  reported  in  figure  3  arc  taken.  The  tabular  summary  of  this 
experiment  is  appended. 


January  US,  1918.     Dog  under  elher  anestheria 
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Ether  started 

12.15 
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III 

12.55 
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Higher 

Crushing  testes 
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120 

120 
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IV 

1.03 

112 

120 

165 

V 

1.05 

Ether  oft 

1.07 

110 

160 

VI 

1.09 

136 

130 

170 

VIII 

1.22 

Ether  on 

1.57 

120 

80 

216 

X 

After  stimulating  sciatic    15 
minutes 

2.07 

116 

133 

216 

XI 

Sciatic  stimulation 

2.12 

92 

128 

Sciatic  stimulation  stopped 

2.27 

106 

60 

260 

XIV 

Complete  shock  present 

2.31 

100 

50 

222 

XV 

2.45 

50 

55 

216 

XVI 

3.03 

40 

35 

202 

XVII 

3.17 

4G 

35 

202 

XVIII 

4.18 

44 

40 

214 

XIX 

450 

Death 

Tne  circulatory  dynamics  in  shock  followed  by  recovery.  Complete 
circulatory  failure  recognizable  by  a  marked  fall  of  effective  venous 
or  mean  arterial  pressure  never  occurred  in  any  of  the  nine  doga  that 
temporarily  developed  a  complete  state  of  "central  nervous  system 
shock"  but  recovered  therefrom.  In  some  instances,  in  fact,  the  arterial 
pressure  was  above  120  mm.  during  the  state  of  shock.  This  indicates 
clearly  that  a  low  arterial  pressure  is  not  an  essential  condition  of 
"central  nervous  system  shock."     The  further  conclusion  that  shock 
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may  occur  without  circulatory  involvement  is  not  justified,  however, 
for  when  carefully  studied  it  is  found  that  in  this  condition  signifi- 
cant and  often  dangerous  alterations  of  the  circulation  exist.  Thiw 
facts  are  illustrated  in  the  following  experiment: 


TABi.t:  j 
mry  ti,  IMS. 


II. 38* 

11.40 
11.44* 
11.48 


12  00* 
12.05 
12.13 
12  IS* 
12  35* 
12  3'.l 
1250* 


I  After  rrunhinff  (rut™ 
|    Crunliinn  IchIi'h 


Crushing  Icstra 
Crushing  tc.Hicn  continued 
Crushing  testes  stopped 


<  'rushing  testes 
Crushing  IohIcb 
Aflcr  crushing  testes 
Crushing  t estcs 
End  of  crushing 
Animal  in  central  n 
shock 


Dog    allows    flight 
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pressure,  therefore,  scarcely  played  a  role.  It  wan  true  in  six  out  of  the  nine 
cases  which  recovered  that  the  effective  venous  pressure  was  moderately  in- 
creased during  the  stage  of  shuck.  The  heart  progressively  accelerated.  A 
consideration  of  the  optical  tracings  shows,  however,  that  Ihe  arterial  circula- 
tion was  materially  altered.  This  is  shown  in  the  segments  of  figure  1.  A  de- 
tailed analysis  is  scarcely  necessary.  The  series  of  curves  shows  that,  a»  in  the 
initial  stage  characteristic  of  abdominal  shock,  the  filling  of  the  arterial  trunks 
becomes  progressively  reduced.  This  reaches  ils  climax  tit  the  end  of  the  crush- 
ing period  to  which  curve  XVI  corresponds.  With  each  systole  I  he  blood  column 
is  thrown  vigorously  and  the  pressure  drops  more  and  more  rapidly  during  the 
latter  portion  of  systole.  Following  the  incisura  and  throughout  diastole  the 
pressure  is  very  low  and  declines  but  little,  indicating  that  the  peripheral  flow  is 
largely  limited  to  systole.  As  the  effective  venous  pressure  is  higher  than  lie- 
fore  and  the  cardiac  rale  is  increased,  this  can  be  accounted  for  only  by  a  re- 
duced peripheral  resistance.  From  this  condition  recovery  slowly  sets  in  until 
forty  minutes  tnler  when  curves  such  as  are  shown  in  segment  AT//  are  re- 
corded and  by  the  lime  ihe  animal  begins  to  rend  slightly  to  sensory  stimulation 
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Fig.  5.  Segments  of  optically  recorded  arterial  pressure  changes 
prolonged  sciatic  stimulation  and  resulting  in  temporary  central  ne 
tern  involvement.     Details  shown  in  table  3. 


the   normal 

character 

isties  agair 

i  gradually 

iK-gin   to 

devehm.      In   (his 

case  a 

bigeminal  1 

bonrt   beat 

followed. 

as  shown  ii 

1   segment 

XIX.     This  w 

as  ' 

L-lc.il> 

recognized 

by  auscultation  atid  disappeared  a 

n  hour  hit. 

r.     Thes.-ra.es 

sho 

■  that 

whenever  " 

central  nei 

rvoils  svsti 

tn  shock"  < 

level  ops  as  a  rvwill  of  trr 

a  il  is 

always  ace 

ompanicd   1 

.y  distinct 

circulator 

i-  changes 

in   Ihe  nature 

of 

a   pro- 

longed    low 

periphera 

1    resislanc, 

-.     The  me' 

an   arteriii 

.1   pressure  is  a 

l.p.l 

maintained 

by   Ihe  ca 

rdiac  acce 

leration  but.   as  is  e' 

,-ideiit   from  thi 

-  pressure 

curves  of  figure  4,  is  n 

r.  longer  a  I 

reliable  indi 

■x  of  the  c 

irenlalion. 

Circulatory  chnnyrn  following  prolonged  #cn*»nj  at im illation  ami  rr- 
nulling  in  trmjmrory  central  nerrotu  nijxtem  shock.  In  two  cases  in 
which  shock  with  sulwc<|iient  recovery  occurred  as  a  result  of  pro- 
longed sciatic  stimulation,  the  mean  arterial  pressure  was  maintained 
at  n  lovrl  above  the  original  but  the  effective  venous  prcssim-  was 
gradually  reduced  to  a  moderate  degree.  The  data  from  an  illustrative 
experiment  are  shown  in  the  following  table: 
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TABLE  3 

Experiment  C-I7I.     February  i,  1918.     Anesthesia,  ether  without  morphine 


™e 

.,rrM„ 

X..RT 

FBIMO  on 

FRUaURE 

NO USER 

11.53 

145 

74 

174 

I 

11.56-12 

Crushing  testes 

12.02 

116 

78 

146 

III 

After  crushing  testes 

12.14 

182 

170 

Stimulating  sciatic 

12.44 

144 

50 

193 

IV 

After  stimulation  stopped 

12.50 

134 

42 

186 

VI 

12.58 

138 

44 

180 

VII 

1.37 

157 

46 

160 

VIII 

1.42-1.55 

2.03 

166 

42 

174 

X 

2.27 

152 

40 

174 

XI 

2.31-2.30 

Sciatic  stimulation 

2.40 

Animal  in  shock 

2.48 

150 

30 

174 

XIII 

3.18 

140 

38 

3.28 

160 

34 

174 

XIV 

3.34 

154 

34 

4.43 

130 

46 

174 

4.50 

146 

46 

174 

XV 

5.20 

Animal  shows  reaction  to  sen- 
sory stimulation 

5.48 

Conscious;  struggles 

The  nature  of  the  optical  tracings  corresponding  to  certain  phases  of  the 
condition  are  shown  in  figure  5.  It  is  evident  that  they  are  affected  largely  as 
regards  amplitude,  the  pulse  pressure  decreasing  and  showing  less  essential 
changes  in  contour.  The  pressure  at  the  beginning  of  diastole  remains  relatively 
high  and  the  slope  of  the  diastolic  limb  remains  gradual.  Contrary  to  the  other 
cases,  the  lowered  venous  pressure  and  reduced  cardiac  discharge  were  compen- 
sated by  an  increased  peripheral  resistance.  It  seems  that  the  pressor  effect 
of  stimulating  the  sciatic  nerve  becomes  permanent  in  these  cases,  while  the  de- 
pressor effect  of  crushing  the  testes  predominates  in  the  others. 


VI.    CONCLUSIONS 

1.  A  state  of  shock  involving  the  central  nervous  system  can  be  pro- 
duced experimentally  by  trauma.  This  state  may  persist  from  two  to 
five  hours,  after  which  recovery  sets  in;  or  it  may  be  fatal. 

2.  Prolonged  sensory  stimulation  may  cause  a  temporary  depres- 
sion of  the  functions  of  the  central  nervous  system  but  in  itself  docs 
not  lead  to  permanent  changes  or  death. 
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3.  "Central  nervous  system  shock"  never  occurs  without  circula- 
tory involvement  which  is  always  clearly  indicated  in  optically  re- 
corded pressure  curves  from  the  arteries  hut  is  not  necessarily  evident 
in  the  mean  pressure  variations  as  Riven  hy  the  mercury  manometer. 

4.  In  the  milder  eases  of  shook;  i.e.,  in  those  terminating  in  re- 
covery, the  circulatory  derangement  corresponds  essentially  to  that 
described  as  characteristic  in  the  initial  and  early  progressive  stage 
of  circulatory  failure  in  abdominal  shock.  Optical  arterial  pressure 
tracings  show  that  a  diminished  volume  of  blood  is  contained  in  the 
arterial  trunks  and  that  the  peripheral  flow  is  thereby  reduced.  In 
most  instances  this  is  solely  due  to  a  reduction  of  the  total  arterial  re- 
sistance while  the  effective  venous  pressure  becomes  somewhat  in- 
creased through  the  mechanical  effects  of  prolonged  deep  breathing. 
In  a  few  cases  only  was  the  effective  venous  pressure  reduced  some- 
what and  constituted  the  main  cause  of  arterial  depletion. 

5.  In  severe  forms  of  shock;  i.e.,  in  those  terminating  fatally,  the 
initial  stage  in  which  reduced  peripheral  resistance  plays  a  role  is  of 
short  duration,  the  effective  venous  pressure  falls  early,  reaches  a  low 
level  and  by  reducing  the  cardiac  discharge,  is  the  chief  cause  of  com- 
plete circulatory  failure. 

6.  The  dynamic  changes  of  the  circulation  which  lead  to  progressive 
and  complete  circulatory  failure  are  not  essentially  different  in  shock 
produced  by  trauma  and  that  produced  by  intestinal  exposure.  The 
differences,  if  any,  are  in  degree  and  duration  of  the  respective  phases 
but  not  in  the  character  of  the  disturbance. 

7.  Considering  all  the  available  evidence,  two  factors  may  l>e  said 
to  t>c  concerned  in  circulatory  failure  accompanying  shock:  a,  the  re- 
duction of  peripheral  resistance;  and  b,  the  fall  of  effective  venous 
pressure,  decreasing  the  systolic  discharge. 
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AH  investigators  are  ready  to  grant  that  the  thyroid  gland,  is  capable 
of  quantitative  variations  of  function  and  some  maintain  that  under 
abnormal  conditions  it  may,  as  well,  vary  qualitatively.  The  more 
these  controlling  factors  become  evident,  the  clearer  will  be  our  under- 
standing of  the  true  physiology  of  the  thyroid  gland. 

Seidell  and  Fenger  (1)  demonstrated  a  seasonal  variation  in  the 
iodin  content  of  the  thyroid  glands  of  cattle,  sheep  and  hogs,  the 
amount  of  iodin  being  greatest  in  the  late  summer  while  the  minimum 
was  reached  in  February  and  March.  Since  it  has  been  found  by 
Marine  and  Lenhart  (2)  and  others  that  the  stainable  colloid  of  the 
thyroid  varies  directly  with  the  iodin  content  of  the  gland  and  inversely 
with  the  degree  of  hyperplasia,  it  w  probable  that  this  seasonal  varia- 
tion in  the  iodin  content  of  the  gland  represents  a  variation  in  the 
activity  of  the  gland  itself.  Thus  in  the  summer  the  gland  would 
tend  to  assume  a  resting  type  with  a  storage  of  colloid  material  while 
in  winter  a  degree  of  hyperplasia  would  develop  with  a  corresponding 
diminution  in  the  iodin  content.  In  producing  this  seasonal  variation 
in  the  activity  of  the  gland  different  factors  might  play  a  part:  Varia- 
tions in  the  composition  of  the  food  at  the  different  seasons;  difference 
in  the  climatic  conditions  of  the  various  seasons  other  than  tempera- 
ture differences;  and  differences  in  the  temperature  alone. 

Cramer  (3)  observed  that  while  considerable  histological  variations 
are  found  in  the  thyroids  of  rats  living  under  natural  but  experimentally 
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uncontrolled  conditions,  these  variations  disappear  when  the  animal* 
are  housed  in  a  warm  room  kept  at  a  constant  temperature  of  20°  to 
25°C,  carefully  bandied  and  fed  regularly  on  a  suitable  diet.  Hi* 
found  the  gland  vesicles  then  to  be  somewhat  distended  with  a  well- 
staining  colloid  and  lined  with  cubical  epithelium.  By  exposing  the 
ftniiriftln  to  cold  for  several  days  he  found  that  the  gland  vesicles  became 
collapsed,  the  lining  epithelium  became  columnar  and  the  colloid  lost 
its  affinity  for  certain  stains.  This  would  seem  to  indicate  that  changes 
in  the  thyroid  gland  similar  to  those  occurring  in  its  seasonal  varia- 
tions can  be  induced  by  artificially  regulating  the  temperature  of  the 
environment.  It  was  with  the  idea  of  discovering  just  how  extensively 
variations  in  this  one  factor  of  the  environment  would  serve  to  pro- 
duce changes  similar  to  those  resulting  from  seasonal  variations  that 
the  present  work  was  undertaken. 

Also  it  was  desired  to  know  whether,  in  external  temperature  varia- 
tions, we  could  not  have  here  a  means  of  producing  at  will  either  an 
active  or  resting  type  of  thyroid.  Many  attempts  have  been  made  to 
find  agencies  which  would  produce  such  changes  and  some  degree  of 
success  has  resulted,  more  so  with  producing  hyperplastic  changes  than 
with  reducing  the  activity  of  the  gland.  Hunt  (4),  C.  Watson  (5), 
Marine  (6),  Bensley  (7)  and  Burget  (8)  all  found  that  hyperplastic 
changes  could  be  induced  by  altering  the  diet  of  the  animals,  especially 
by  increasing  the  protein  percentage  of  the  diet.  Mansfield  and  Ernst 
(8)  and  Martin,  Loevenhart  and  Bunting  (10)  obtained  such  change* 
as  a  result  of  a  decreased  oxygen  supply  to  the  animals.  Regarding 
the  resting  type  of  thyroid,  Marine  (11)  obtained  distinct  changes  in 
that  direction  almost  at  will  by  means  of  iodin  medication,  while  many 
workers  have  produced  like  results  by  thyroid  feeding.  Jackson  (12), 
by  subjecting  animals  to  periods  of  inanition,  produced  changes  in  the 
epithelial  cells  of  the  thyroid  similar  to  those  usually  taken  as  indicat- 
ing decreased  activity  of  the  gland.  Therefore  it  was  thought  that  it 
would  be  of  value  if  it  could  be  found  that  changes  in  either  direction 
could  be  produced  at  will  simply  by  variations  in  the  temperature  of 
the  environment. 


Young  growing  rabbits  were  mainly  used  in  order  that  there  might 
be  some  measure  of  their  basal  metabolism  as  evidenced  by  their  rate 
of  growth.  However,  adult  rabbits  were  also  used  as  well  as  guinea 
pigs  and  cats,  in  order  to  show  that  the  findings  were  not  peculiar  to 
young  rabbits. 
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The  animals  were  kept  in  a  room  with  a  fairly  constant  temperature 
of  12°  to  18°C,  and  fed  regularly  on  a  constant  diet  for  several  days  or 
sometimes  even  weeks  before  beginning  the  treatment  in  order  to  bring 
the  glands  as  nearly  as  possible  to  a  uniform  condition  in  each  case. 
At  the  end  of  the  pre-experimental  period  a  control  specimen  of  the 
thyroid  of  each  animal  was  removed  aseptically  under  ether  anaesthesia, 
fixed,  sectioned,  stained  and  kept  for  comparison  with  the  specimen 
taken  from  the  same  gland  after  the  treatment.  For  the  effects  of 
cold  these  same  animala  were  placed  in  a  cold  room  or  out-of-doors  at 
a  temperature  of  —5°  to  +  10°C.  and  kept  there  for  periods  of  time 
varying  from  three  to  thirty  days.  For  heat  treatment  a  well-venti- 
lated hot-box  with  a  temperature  of  27°  to  37°C.  was  used,  with  the 
duration  of  the  treatment  varying  as  above.  At  the  end  of  the  experi- 
mental period  a  portion  was  removed  from  the  thyroid  of  each  animal, 
prepared  as  above  and  compared  with  the  first  specimen  taken  from  the 
same  animal. 

Differences  in  the  histological  appearance  of  the  secreting  cells  and 
the  colloid  of  the  gland  were  considered  in  this  work  to  represent  differ- 
ences in  the  activity  of  the  gland  at  the  time  the  specimens  were  taken. 

Von  Orth's  fixative  was  used  on  the  tissues  at  first  but  it  was  found 
that  alcohol-formol  fixative  (10  per  cent  formalin  in  SO  per  cent  alcohol) 
gave  practically  the  same  results  so  far  as  this  work  was  concerned, 
so  the  latter  fixative  was  used  for  most  of  the  tissue  specimens. 

A  record  of  the  daily  weights  and  rectal  temperatures  of  the  animals 
was  kept  in  several  series.  The  diet  was  kept  constant  during  pre- 
experimental  and  the  experimental  periods. 


Rabbit  10. . . 
Rabbit  39. . . 
Rabbit  42... 
Rabbit  49 ... 
Rabbit  50.  . 
Cat » 

Cat  14 

Guinea  pig  2. 


30-36  Increased 

31-39  Increased 

31-39  Increased 

31-34  Increased 

31-34  Increased 

30-351  Increased 


Cuboidal 
Cuboidal 
Cuboidal 
High  cuboidal 
High  cuboidal 
Low  columnar 


Flattened 
Flattened 
Flattened 
Flattened 

Slightly  flattened 
Medium     to     low 

cuboidal 
Cuboidal 
Low  cuboidal 
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a.  Effects  of  high  external  temperatures.  The  above  table  of  results 
indicates  the  changes  produced  in  eight  typical  examples  taken  from 
the  total  list  of  thirty  three  animals  subjected  to  high  temperatures. 
Twenty  eight  rabbits,  two  cats  and  three  guinea  pigs  were  treated  in 
this  way  and  in  this  total  there  were  only  four  instances  in  which  no 
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changes  in  either  the  character  of  the  cells  or  colloid  content  of  the 
vesicles  were  noted.  In  no  case  was  there  either  a  decrease  in  the 
amount  of  colloid  or  an  increased  height  of  the  epithelial  cells.  Typi- 
cally, the  changes  were  as  follows: 

The  colloid  of  the  vesicles  inerensed  in  amount,  became  more  uni- 
form in  appennince  and  took  on  the  stain  more  readily.  Vacuoles 
were  often  present  in  the  outer  portion  of  the  colloid  mass,  more  espe- 
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cislly  in  the  glands  of  the  animals  used  during  the  winter  months. 
In  almost  every  instance  these  vacuoles  disappeared  entirely  or  de- 
creased in  sise  and  number  during  the  treatment.  The  epithelial 
cells  lining  the  vesicles  usually  became  more  Battened,  with  nuclei 
and  cytoplasm  more  densely  staining,  and  in  no  instance  were  the 
cells  observed  to  be  increased  in  height. 

Accompanying  these  microscopic  changes  in  the  thyroids,  there 
were  also  other  changes  in  the  animals.  If  the  temperature  of  the 
hot-box  was  kept  at  30°  to  35°C,  it  was  found  that  growth  in  these 
animals  was  much  slower  than  in  the  controls,  that  the  fur  became 
dull  and  unkempt  and  that  the  appetite  seemed  to  decrease  as  the 
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Flattened 
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Rabbit  63. . . . 

10    -5  to  +10°C. 

Decreased 

Cuboidal 

Columnar 

Rabbit  54. . . . 

6    -5    to+I0°C. 

Decreased 

Cuboidal 

Low     colum- 

Guinea  pig  6. 

27    -10to+UVC. 

Decreased 

Low  cuboidal 

High  cu- 
boidal 

Guinea  pig  7. 

27    -10to+10eC. 

Decreased 

Low  cuboidal 

High  cu- 
boidal 

temperature  increased.  When  the  temperature  of  the  box  was  raised 
so  as  to  be  equal  to  or  slightly  above  the  body  temperature  of  the 
animals  and  kept  at  that  level  for  a  few  days,  a  loss  in  weight  and 
emaciation  occurred  probably  as  a  direct  result  of  the  loss  of  appetite. 
Death  often  followed  if  this  condition  was  continued  for  very  many 
days.  In  auch  instances  as  these  there  also  occurred  a  rise  in  the 
rectal  temperatures  of  the  animals  of  0.5°  to  2.0"C,  which  might  also 
have  been  a  factor  in  producing  the  loss  in  weight  and  emaciation. 

The  effects  of  high  external  temperatures  on  the  growth  rate  and  on 
the  body  temperatures  of  the  animals  are  shown  in  table  2. 

6.  Effects  of  low  external  temperatures.  Table  3  summarizes  the 
histological  changes  in  the  thyroids  of  seven  of  the  twenty  animals 
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subjected  to  low  temperatures.  Sixteen  rabbits  and  four  guinea  pig* 
were  treated  in  this  way  and  in  every  instance  there  resulted  either  a 
decrease  in  colloid  with  an  increased  vacuole  formation  or  a  heighten- 
ing of  the  epithelial  cells,  or  both  together.  The  results  given  in  the 
table  are  typical  of  those  obtained  in  the  whole  series  of  animals  sub- 
jected to  low  temperatures. 

The  changes  here  are  just  the  reverse  of  those  described  as  resulting 
from  high  external  temperatures.  The  colloid  decreased  in  amount, 
lost  its  smooth  uniform  character  and  showed  an  increase  in  the  amount 
of  variolation.  The  epithelial  cells  of  the  vesicles  were  increased  in 
height  while  the  nuclei  and  cytoplasm  were  not  nearly  so  densely 
staining  as  before.    The  rate  of  growth  of  the  animals  was  much 
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Rabbit  28 ... 
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Rabbit  36  . 

4 
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4 
4 
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8 
8 
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eo-120 

60-150 
90-240 

90-240 
60-150 

80-150 

Increased 

iDCTOMOd 

Increased 

I  lie  re  at*  d 
Increased 
Increased 

Low  columnar 

Low  cuboidal 
C  uboidal 

Low  cuboids) 
Medium  c  uboidal 
High  c uboidal 

Cuboid  al 

Low      c  uboidal -- 

flattened 
Same 

Low  c  uboidal 
Medium  ruboidal 

greater  than  that  of  the  animals  kept  in  the  hot-box  and  seemed  aim 
to  be  increased  as  the  temperature  of  the  environment  was  lowered 
below  normal,  as  is  indicated  in  table  2.  However,  more  work  is  being 
done  at  present  to  determine  the  extent  of  these  effects  on  growth 
produced  by  both  high  and  low  temperatures.  The  fur  of  the  animal* 
became  thick  and  fluffy  and  their  excitability  appeared  to  be  very 
high,  apparently  indicating  a  high  degree  of  vitality.  The  rectal 
temperature  was  maintained  at  normal. 

c.  Effects  of  quinine,  morphine  and  strychnine.  Since  changes  in 
the  external  temperature  seemed  to  affect  metabolism  as  judged  by 
body  weights  and  conditions  and  thyroid  activity  as  judged  by  mor- 
phology, the  attempt  was  next  made  to  influence  metabolism  directly 
by  the  action  of  drugs  to  determine  whether  the  activity  of  the  thyroid 
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was  correspondingly  influenced.  The  pre-experimental  period  was 
observed  as  before  while  the  external  temperature  and  diet  were  kept 
practically  constant  throughout  the  experimentation. 

Quinine  was  used  for  its  action  on  the  endogenous  metabolism  and 
was  administered  as  quinine  bisulphate  dissolved  in  normal  salt  solu- 
tion at  37°C.,  60  mgra.  per  cubic  centimeter,  injected  intramuscularly. 
The  results  obtained  are  indicated  in  the  following  table. 

Thus  it  lb  seen  that  quinine  treatment  resulted  in  changes  that  are 
practically  identical  with  those  observed  under  high  temperatures,  so 
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Increased 

High  cuboidal 

Low  cuboidal 

Guinea  pig  7.. 

3 

5 

90-120 

No  change 

High  cuboidal 

Same 

far  as  the  histological  changes  indicate.  Follicular  colloid  increased  in 
amount,  the  epithelial  cells  decreased  in  height  and  both  cells  and 
colloid  became  more  densely  staining. 

Morphine  was  used  as  morphine  sulphate  dissolved  in  normal  salt 
solution  at  37°C,  60  mgm.  per  cubic  centimeter,  injected  hypoder- 
tnically.  The  dosage  was  so  adjusted  as  to  cause  the  animals  to  lie 
quietly  with  shallow  respiration  for  two  to  three  hours  following  each 
injection.    The  results  of  the  treatment  are  given  in  table  5. 

Here  again  the  changes  are  seen  to  be  the  same  as  those  observed  in 
the  thyroid  resulting  from  high  temperatures,  namely,  a  tendency  to 
become  a  resting  type  of  gland. 
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Strychnine  was  tried  in  a  few  cases  and  some  changes  were  observed 
as  illustrated  in  table  6  below.  However,  due  to  the  rapid  excretion 
of  the  strychnine  and  the  rather  narrow  margin  between  the  stages  of 
hyperexcitabitity  and  convulsions,  the  results  were  not  very  satisfac- 
tory. The  drug  was  injected  subcutaneously  in  a  solution  of  0.2 
mgm.  per  cubic  centimeter  for  rabbits  and  1  mgm.  per  cubic  centimeter 
for  guinea  pigs.  The  attempt  was  to  so  adjust  the  dosage  as  to  just 
produce  a  condition  of  hyperexcitability  and  repeat  it  as  often  as  poe- 
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1 

1 

15 
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siblc  without  causing  convulsions.  The  injection  should  have  been 
repeated  every  one  to  one  and  a  half  hours  but  other  work  kept  this 
schedule  from  t>einx  followed  a?  closely  as  it  should  have  been.  For 
that  reason  the  results  are  probably  less  marked  than  they  would  have 
been  under  more  ideal  conditions. 

It  will  Ik-  seen  from  the  table  that  the  vesicles  did  not  change  in 
siw  during  the  treatment  exeept  in  one  instance  where  there  was  a 
distinct  decrease  in  the  amount  of  colloid.  However,  in  all  but  two  of 
the  animals  the  v.ieuoles  in  the  outer  part  of  the  colloid  masses  of  the 
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thyroid  increased  in  size  and  number  quite  noticeably.  In  all  but  one 
instance  there  occurred  an  increase  in  the  height  of  the  epithelial  cells 
lining  the  vesicles.  It  would  seem  that  here  we  have  a  more  active 
type  of  gland  as  a  result  of  the  strychnine  treatment. 

DISCUSSION   AND    CONCLUSIONS 

The  morphological  changes  in  the  thyroid  described  as  resulting 
from  the  different  forms  of  treatment  in  these  experiments,  are  accepted 
by  most  observers  as  indicating  variations  in  the  activity  of  the  gland. 
Although  Bensley  holds  that  the  colloid  in  itself  is  no  indication  of  the 
activity  of  the  gland,  still  changes  in  the  amount  and  character  of  the 
colloid  and  in  the  appearance  of  the  secreting  cells  surely  serve  to 
demonstrate  changes  in  the  activity  of  the  gland  during  the  experi- 
mental period.  Thus,  under  high  temperatures  we  see  a  storage  of 
colloid  material  in  the  vesicles  together  with  such  changes  in  the  secret- 
ing cells  as  are  usually  thought  to  represent  a  diminished  secretory 
activity.  Therefore  it  is  to  be  concluded  from  the  results  of  these 
experiments  that  an  elevation  in  the  external  temperature  serves  as  an 
agency  for  reducing  the  activity  of  the  thyroid  glands  of  animals. 

However,  the  mode  of  physiological  adaptation  by  which  these 
changes  in  the  gland  are  brought  about  is  not  definitely  understood. 
Accompanying  the  decreased  thyroid  activity  there  is  a  slowing  of  the 
endogenous  metabolism  of  growth  and  also  probably  of  the  metabolism 
for  heat  production,  since  heat  elimination  is  made  much  more  diffi- 
cult by  the  high  external  temperature.  The  interrelation  of  these 
three  phases  is  still  a  subject  for  speculation. 

Means  and  Aub  (13)  and  DuBois  (14)  found  that  thyroid  feeding  can 
markedly  increase  basal  metabolism,  as  measured  by  the  calorimeter, 
while  thyroid  deficiency,  as  in  cretin  patients,  produces  a  basal  meta- 
bolic rate  much  below  normal.  Mansfield  and  Ernst  (9)  have  shown 
that  fever  in  normal  animals  (dogs  and  rabbits)  is  accompanied  by 
increased  protein  metabolism  and  also  increased  total  metabolism, 
while  in  thyroidless  animals  there  is  no  increase  in  metabolism  of  either 
kind,  the  fever  being  due  only  to  a  decreased  heat  loss.  It  seems  then 
that  the  thyroid  is  closely  concerned  with  all  metabolic  processes,  those 
for  heat  production  as  well  as  those  for  protein  metabolism. 

In  the  case  of  high  external  temperatures,  then,  the  first  effect  is 
probably  a  diminished  heat  production  or  exogenous  metabolism, 
caused  perhaps  by  reflex  inhibition  of  the  thermo-genetic  mechanism, 
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including  the  thyroid.  The  lessened  growth  rate  observed  in  the 
animate  might  then  be  due  to  the  decreased  thyroid  activity.  There 
are  probably  other  factors  which  aid  in  producing  these  results,  per- 
haps the  activity  of  the  parathyroid  and  suprarenal  glands.  However, 
this  work  did  not  include  observations  on  these  structures. 

In  animals  subjected  to  low  temperatures  there  are  found  histological 
changes  in  the  thyroid  which  indicate  an  increased  activity  of  the 
gland.  Also  there  occurs  a  rapid  rate  of  growth  together  with  a  seem- 
ing hyper-irritability  and  general  condition  of  high  vitality.  Since  the 
rectal  temperatures  of  the  animals  remained  normal  in  the  cold  environ- 
ment, there  must  have  been  a  great  increase  in  the  heat  production. 
Thus  the  process  is  probably  just  the  reverse  of  that  resulting  from 
high  temperatures.  The  thermo-genetic  mechanism  is  stimulated  by 
the  low  temperature  of  the  surroundings  and,  since  the  thyroid  seems 
to  be  included  in  this  mechanism,  its  activity  would  thus  be  increased. 
This  increased  thyroid  activity  then  very  likely  causes  more  rapid 
growth  metabolism,  thus  accounting  for  the  rate  of  growth. 

By  the  action  of  quinine  on  the  animals  it  was  possible  to  influence 
principally  the  endogenous  metabolism  and  observe  the  results  of 
this  on  the  thyroid  activity.  As  the  results  indicate,  there  occurs  a 
diminished  activity  of  the  gland.  Since  quinine  has  no  known  action 
directly  on  the  thyroid,  it  seems  that  the  depressed  protein  metabolism 
must  cause  the  decreased  thyroid  activity,  probably  by  bringing  about 
a  diminished  need  for  the  secretion  in  the  body  and  allowing  its  storage 
as  colloid  in  the  gland  vesicles. 

Morphine  produces  results  in  the  thyroid  similar  to  those  following 
quinine  treatment,  although  probably  by  a  different  action  of  the 
drug.  This  drug  also  has  no  known  action  directly  on  the  thyroid 
but  seems  to  act  on  metabolism  mainly  by  reducing  nervous  sensibility 
and  consequently  all  metabolic  processes  dependent  on  nervous  influ- 
ence, especially  muscular  activity.  The  thyroid  gland,  being  closely 
related  to  total  metabolism,  is  probably  then  inhibited  by  the  lessened 
need  for  its  secretion. 

.Strychnine,  although  having  no  known  action  on  the  thyroid  directly, 
seems  to  cause  an  increased  activity  of  the  gland  in  these  experiments. 
This  is  probably  due  to  the  greatly  increased  metabolism  in  the  muscles 
n-Hulting  from  the  action  of  the  drug  on  the  spinal  cord,  a  larger  amount 
of  thyroid  secretion  being  needed  for  this  increased  oxidation. 

The  fact  that  the  vacuoles  in  the  outer  part  of  the  colloid  masses  of 
the  thyroid  varied  no  uniformly  in  these  experiments  seems  to  me  to 
be  of  some  importance.    Low  temperatures  and  strychnine  treatment. 
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resulting  in  an  increased  thyroid  activity,  also  caused  an  increase  in 
the  number  and  size  of  these  vacuoles  in  almost  every  case.  Likewise 
high  temperatures,  morphine  and  quinine  caused  a  diminution  in  the 
vacuolation.  Whether  the  vacuoles  represent  areas  from  which  the 
colloid  has  been  resorbed  to  supplement  the  new  secretion  of  the  gland 
in  supplying  the  body  needs  or  whether  it  represents  the  deposit  of 
some  new  substance  by  the  epithelial  cells,  are  questions  yet  to  be 
answered.  The  behavior  of  the  vacuoles  under  the  different  conditions 
in  these  experiments  seems  to  favor  the  first  theory. 


High  external  temperatures  cause  a  diminished  activity  of  the 
thyroid  glands  of  animals,  as  judged  by  morphology,  together  with  a 
slowing  of  the  rate  of  growth. 

Low  external  temperatures,  on  the  contrary,  increase  the  thyroid 
activity  and  also  seem  to  cause  a  faster  rate  of  growth. 

Morphine  and  quinine  appear  to  decrease  the  activity  of  the  gland, 
probably  as  a  result  of  the  lessened  metabolism  and  diminished  heat 
production.  Strychnine,  on  the  other  hand,  causes  greater  thyroid 
activity,  very  likely  by  increasing  metabolism  through  its  action  on 
the  spinal  cord. 

Note. — This  work  was  begun  in  the  physiological  laboratory  of  the 
University  of  South  Dakota,  under  the  direction  of  Dr.  A.  L.  Tatum. 
I  wish  here  to  express  my  appreciation  of  his  interest  and  many  helpful 
suggestions  during  the  course  of  the  work  under  his  diiection.  I  also 
wish  to  thank  Dr.  0.  0.  Stoland  for  his  interest  in  the  work  as  it  was 
carried  on  at  the  University  of  Kansas. 
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Hawk  (1)  in  his  series  of  studies  on  water  drinking  has  found  an 
increase  in  urine  ammonia  on  increasing  the  amount  of  water  during 
the  meals,  which  he  ascribes  to  a  stimulation  of  gastric  secretion.  It 
had  been  shown  by  Walter  (2)  and  others  that  the  urine  ammonia  can 
be  increased  or  decreased  by  the  feeding  of  acids  or  alkalies.  Schitten- 
helm  (3),  working  upon  patients  with  gastric  "hypo-and  hyperacidity." 
came  to  the  conclusion  that  "an  increase  in  the  acidity  of  the  gastric 
juice  causes  increased  ammonia  excretion."  A.  Loeb  (4)  and  Gammel- 
toft  (5),  working  with  patients  and  normal  persons,  report  some  in- 
stances of  increased  urine  ammonia  after  the  meat  but  a  greater  number 
in  which  there  was  a  decrease  in  ammonia  excretion  after  the  meat. 
The  latter  investigator  also  reports  a  marked  decrease  in  the  urine 
ammonia  upon  taking  sodium  bicarbonate  with  the  meal. 

The  work  presented  in  this  paper  is  an  attempt  to  throw  more  defi- 
nite light  upon  the  relation  between  gastric  secretion  and  urine  ammonia. 

OENEBAL  METHODS 

Effort  baa  been  made  to  control  all  factors  such  as  diet,  time  since 
the  last  meal  and  the  water  intake,  that  might  influence  the  excretion 
of  ammonia.  Gastric  analyses  were  made  every  fifteen  minutes. 
Urine  was  collected  in  fifteen  to  thirty  minute  intervals  by  catheter  in 
dogs  and  by  voluntary  micturition  in  man.  With  training  and  practice 
on  the  part  of  both  man  and  dog,  the  accuracy  of  these  methods  of 
urine  collection  cannot  be  questioned.  Controls  were  made  for  one- 
half  to  one  hour  preceding  the  experiment  to  determine  the  continuous 
gastric  secretion  and  ammonia  excretion.  The  work  has  been  done  on 
five  men  and  has  lni'ii  repeated  on  female  dogs  with  gastric  and  duo- 
denal fistulas  and  exposed  urethra.     Both  the  Fotin  and  the  Folin- 
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Neesler  (6)  methods  have  been  used  in  the  determination  of  ammonia. 
The  determination  was  always  made  on  fresh  urine.  Conclusions  are 
based  on  from  three  to  ten  trials  of  the  same  experiment  in  each 
individual. 
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*  The  free  and  total  gastric  acidity  is  expressed  in  clinical  unite,  which  is  the 
Dumber  of  cubic  centimeters  of  N  /10  Na  OH  required  to  neutralise  100  ec.  of 
gastric  contents. 


EXPERIMENTAL 


Gastric  stimulation  with  absorption  in  the  intestine  and  urine  ammonia 

Digestion  and  absorption  of  a  standard  meal  with  "moderate"  and 
"copious"  amounts  of  water  with  the  meal.  The  subject,  with  normal 
gastric  history,  was  on  a  diet  with  a  standard  meal  consisting  of  126 
grams  of  graham  crackers,  50  grams  of  peanut-butter,  300  cc.  of 
milk  and  400  cc.  of  water.  When  400  cc.  of  water  were  ingested  with 
the  meal  the  amount  was  called  "moderate,"  while  the  amount  was 
called  "  copious"  when  800  cc.  were  drunk.  Five  cubic  centimeters  of  the 
stomach  contents  were  taken  out  for  each  determination  of  acidity. 

The  results  as  recorded  in  table  1  are  typical,  in  the  case  of  this 
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individual,  for  a  diet'  that  lasted  nine  days.  The  increase  in  ammonia 
after  the  meal  along  with  the  diuresis  is  marked.  When  the  amount 
_  of  water  with  the  meal  was  increased  to  800  cc.,  the  ammonia  excre- 
tion was  increased.  During  the  period  of  increased  water  drinking. 
the  total  daily  amount  of  ammonia  was  increased  by  40  mgm.,  which 
corroborates  the  findings  of  Wills  and  Hawk  (1)  and  is  shown  in  table  2. 
Not  only  does  table  2  show  an  increase  in  urine  ammonia  upon 
increasing  the  water  with  the  meal  but  it  also  shows  that  a  greater 
increase  takes  place  when  the  water  ingested  with  the  meal  is  increased, 
although  the  total  daily  amount  of  water  intake  is  the  same.  Referring 
to  table  1,  it  is  seen  that  the  increased  excretion  of  ammonia  occurs 
during  the  period  of  the  absorption  of  the  water,  indicated  by  the 
increase  in  urine  amount.    Although  there  is  a  greater  gastric  stimuta- 


Daily  ammonia 

TABLE  1 
txertlion  as  influmctd  by  water  drinking  trilk  ttu  m*aU 

or  HiO  wm  u.u. 

rnioD  ii  (I  ■»!•) 
KODKUtl  H.0  (1800  rt  : 

uiuoiua  oi  MIi  N 

copious  HiO  (M00  or  i 
■nuniiawNHiN 

conomHrD(KMo:t 
■nujaaurj  or  NHiN 

300 
800 

400 

240* 

3H* 

281* 

*  Average  daily  amount  for  the  three  day-period* 

tion  when  800  cc.  of  water  are  drunk  than  when  400  oo.  are  drunk, 
likewise  when  200  cc.  are  drunk,  it  might  be  suggested,  since  the  urine 
ammonia  was  not  very  decidedly  increased,  that  the  increase  is  due  to  the 
absorption  of  the  excessive  water  or  to  the  diuresis.  (Observations  to 
answer  this  suggestion  have  been  made  and  will  be  presented  later 
in  the  paper). 

Digestion  and  abaorption  of  a  standard  meat.  The  three  subjects  in 
this  experiment  were  not  on  a  standard  diet  but  did  ingest  the  standard 
meal  mentioned  above.  The  results  in  tables  3  and  4  are  typical  for 
a  series  of  six  tests  performed  upon  each  individual.  Table  5  shows 
typical  results  for  three  tests  performed  on  two  dogB  on  a  diet  of  one 

1  The  diet  «m  conducted  as  follow*:  A  preliminary  period  of  two  daya  with- 
out control  of  amount  of  water:  a  |>erio<lof  three  days  of  moderate  water  (I800er  • 
taking  200  ee.  with  the  meal;  a  third  period  of  three  day*  of  copious  water  <3MI) 
ec.  i  taking  800  cc.  with  the  meal ;  a  fourth  period  of  three  day*  of  copiou*  water 
(3000  ec.)  taking  400  cc.  with  the  meal.    See  table  2. 
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.c™,. 

noom. 

Teat  I 

Tea 

IV 

Teal  It 

Teat  VI 

Urine 

amount 

par  hour 

amount 

par  hour 

amount 

per  hour 

amount 

p.m. 

m«m. 

mfm. 

m„m. 

mm. 

1-4 

97 

15.8 

25 

32.0 

30 

12.1 

36 

14.3 

Meal   5.00 

32 

16.8 

26 

29.4 

49 

18.2 

47 

19.1 

6.00 

50 

18.2 

33 

30.8 

98 

23.8 

75 

21.6 

7.00 

73 

23.4 

37 

28.6 

35 

23.8 

53 

22.4 

8.00 

35 

28.0 

36 

29.4 

28 

16.0 

32 

18.7 

B.OO 

29 

23.4 

31 

29.4 

20 

14.1 

18 

14.3 

10.00 

24 

22.5 

28 

28.5 

15 

12.4 

14 

11.5 

TABLE  4 

— — 

Un«_t 

NH.N 

Tin- 

Urio.  amount 

NHi  N 

a.m. 

mtm. 

p.m. 

■tfet. 

11.00-12.00 

54 

8.4 

4.00-5.00 

50 

19.6 

Meal  12.30 

23 

4.3 

Meal  6.00 

37 

14.1 

1.00 

19 

4.3 

7.00 

50 

28.0 

1.30 

70 

9.6 

8.00 

77 

32.5 

2.00 

200 

11.2 

9.00 

38 

28.0 

2.30 

52 

6.3 

10.00 

26 

21.0 

3.00 

34 

9.8 

11.00 

18 

18.2 

4.00 

49 

12.6 

5.00 

42 

8.9 

pooa 

aoo. 

Urine  amount 

NH>  N 

Unn.  amount 

NHi  N 

man. 

urn. 

11. 30-2.45 

51 

42 

9.10-  9.40 

3 

4.4 

3.15 

5 

5.4 

10.10 

3 

4.9 

Meal  3.45 

4 

6.1 

Meal  10.40 

4 

5.8 

4.15 

7 

9.5 

11.10 

5 

10.5 

4.45 

13 

19.6 

11.40 

14 

16.6 

5.15 

22 

26.6 

12.10 

19 

17.15 

5.45 

18 

16.8 

1.10 

42 

36.6 

6.15 

11 

15.4 

2.10 

40 

37.0 

3.10 

30 

30.0 

4.10 

15 

18.0 
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meal  a  day  of  200  grams  of  fresh  lean  meat  ground  and  mixed  with 
260  cc.  of  HjO. 

Subject  N,  as  table  3  shows,  gave  varying  results.  This  individual, 
although  normal  and  in  excellent  health,  never  gave  with  an  Ewald 
meal  (fractional  method)  a  higher  acidity  than  0.16  per  cent;  and 
with  water  there  was  practically  no  stimulation  of  the  gastric  glands. 
This  is  offered  as  an  explanation  why  increase  in  ammonia  output  did 
not  occur  with  this  person.  Subject  H,  table  4,  always  showed  an 
increase  in  urine  ammonia  after  a  meal  as  did  subject  1.  Both  of  these 
individuals  gave  a  marked  response  to  water  stimulation  and  the 
Ewald  meal.    Marked  diuresis  generally  occurred.    Why  the  dogs 
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show  such  a  very  marked  increase  in  urine  ammonia  (table  5)  after  the 
meal,  has  not  been  determined.  But  it  has  been  observed  as  a  general 
observation,  without  any  direct  evidence  other  than  that  shown  in  this 
paper,  that  the  "  NH*  mechanism"  in  the  dogs  is  more  easily  influenced 
by  acids  and  alkalies  than  in  the  case  of  the  men  worked  upon. 

Gattric  stimulation  with  water;  man  and  dog.  In  a  series  of  experi- 
ments upon  five  men,  the  urine  was  collected  and  the  continuous  gastric 
secretion  was  withdrawn  previous  to  the  ingestion  of  the  water,  after 
which  urine  was  collected  every  fifteen  or  thirty  minutes.  Four 
hundred  cubic  centimeters  of  tap  water  were  given  by  mouth  and 
samples  were  withdrawn  every  fifteen  minutes  for  analysis.  The 
above  figure  (fig.  1 )  shows  the  composite  of  ten  tests  upon  one  individual. 


^Google 


Gastric  secretion  and  urine  ammonia  345 

• 

Although  these  curves  (fig.  1)  show  an  increase  in  urine  ammonia,  a 
diuresis  and  a  slight  gastric  stimulation,  it  was  recognised  that  allowing 
the  water  to  remain  in  the  stomach  obscured  the  true  relation  between 
these  factors.  So  it  was  decided  to  increase  the  amount  of  water  used 
to  700  cc.  and  to  empty  the  stomach  completely  at  the  end  of  every 
fifteen  minutes,  thereby  desiring  to  obtain  an  increase  in  gastric  re- 
sponse, a  closer  relation  of  the  curves,  a  diuresis  and  at  the  same  time 
have  a  measured  quantity  of  water  pass  into  the  intestine.  The  follow- 
ing curve  (fig.  2)  shows  the  composite  of  ten  testa  upon  the  same  indi- 
vidual used  in  figure  1. 

In  the  ten  tests  an  average  of  500  cc.  were  withdrawn  from  the  stom- 
ach after  the  end  of  fifteen  minutes.    This  water  was  generally  slightly 


Fig.  2 


bile  tinged,  (Gmelin's  test)  the  latter  portion  withdrawn  being  more 
so.  Although  this  curve  shows  no  great  increase  in  urine  ammonia, 
it  is  significant  because  of  its  constancy  and  its  occurrence  when,  as 
shown  by  controls,  the  urine  ammonia  would  otherwise  be  on  the 
decline.  This  person  always  showed  a  decline  in  urine  ammonia  during 
the  early  morning  and  forenoon  until  the  mid-day  meal  was  eaten, 
provided  that  no  water  or  food  was  taken  in  the  meantime. 

This  experiment  was  repeated  upon  four  other  normal  men.  In  two 
of  these  the  stomach*  was  stimulated  by  water  and  the  urine  ammonia 

*  Work  upon  this  question  has  shown  that  all  stomachs  of  apparently  normal 
persona  are  not  stimulated  by  water.  There  seems  to  be  some  relation  between 
the  emptying  time  and  the  occurrence  of  the  stimulation,  e.g.,  those  stomachs 
that  empty  less  than  150  cc.  in  fifteen  minutes  when  400  cc.  are  drunk,  respond 
much  more  than  those  stomachs  that  empty  more  than  160  cc. 

ID  AMBRCIA.K  JOCKNU.  OT  VHfBIOUJOT,  TOL.  *9,  HO.  1 
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was  increased.    In  the  other  two  there  was  practically  no  response  to 
water  and  no  increase  in  Nil.  excretion  resulted.    Figure  3  shows  the 
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response  in  a  man  whose  stomach  was  stimulated  by  water,  and  figure 
4  shows  the  response  in  a  man  whose  stomach  was  practically  not 
stimulated  by  water. 
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This  work  was  repeated  upon  four  dogs  with  the  urethra  exposed 
for  catheterization  and  similar  results  were  obtained  as  upon  man. 
Three  of  the  dogs  showed  increased  urine  ammonia  upon  water  inges- 
tion, while  the  fourth  showed  no  change.  In  the  three  dogs  that  did 
show  increased  NHi  excretion  it  was  known  that  their  stomachs  re- 
sponded to  stimulation  by  water  as  these  dogs  possessed  Pavlov  acces- 
sory  stomachs  and  had  been  used  in  other  work.  The  fourth  animal 
died  of  distemper  before  it  was  found  whether  the  stomach  responded 
to  water  stimulation.  The  dogs  were  trained  to  take  water  by 
stomach  tube  without  being  disturbed  thereby. 


utA  v*"1*-  •■':"VA3  (dw,ii 


It  is  apparent,  then,  that  most  of  the  cases  in  this  series  show  an 
increase  in  urine  ammonia  upon  gastric  stimulation  followed  by  absorp- 
tion in  the  intestine  and  that  where  this  increase  in  urine  ammonia 
does  not  occur,  it  has  been  shown  that  the  acidity  of  the  gastric  juice 
was  low  or  gastric  stimulation  did  not  occur. 

Gastric  stimulation  without  absorption  in  the  intestine  and  urine  ammonia 

Stimulation  by  water:  man.  In  these  experiments  400  cc.  of  water 
were  drunk  and  immediately  pumped  out.  The  gastric  juice  resulting 
from  the  stimulation  was  drawn  out  so  as  to  prevent  it  from  passing 
into  the  intestine.  The  amount  of  fluid  withdrawn  was  measured  and 
compared  with  the  original  amount  to  make  sure  that  some  had  passed 
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into  the  duodenum.  This  process  of  drinking  the  400  cc.  of  water  and 
emptying  it  from  the  stomach  never  required  longer  than  one  and  a 
half  minutes.    Figure  5  is  a  typical  example  of  the  results  obtained. 

Gastric  stimulation  by  meat  broth:  man.  The  same  procedure  used 
above  in  gastric  stimulation  by  water  was  used  here  also.  Four  hun- 
,dred  cubic  centimeters  of  meat  broth  were  drunk  and  immediately 
withdrawn  from  the  stomach.     The  results  are  shown  in  figure  6. 

Figures  5  and  6  show  a  gradual  fall  in  urine  ammonia  upon  stimula- 
tion of  the  stomach.     This  occurred  constantly  in  the  one  person 

*sS  Up,  N   U»<eUs, 
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worked  upon.  This  result  is  not  as  significant  as  it  might  appear, 
however,  for  this  individual  always  showed  a  decline  in  urine  ammonia 
during  the  period  of  the  day  in  which  these  experiments  were  con- 
ducted. It  does  show  that  there  is  no  increase  in  urine  ammonia  upon 
gastric  stimulation. 

Gastric  stimulation  by  food:  dog.  Gastric  digestion  without  absorption- 
Two  dogs'  with  gastrostomy  and  duodenostomy  and  perineorrhaphy 

'  If  thr  fistula  in  the  duodenum  is  made  too  large,  the  dogs  will  not  live  more 
than  8  to  11  day*.  They  dip  of  general  wmknriw  and  debility.  The  duodenum 
■how*  generally  pin  point  ulcer*  and  some  enterit  jj,  neither  being  very  extenrir* 
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(to  expose  urethral  orifice  in  order  to  facilitate  catheterization)  were 
fed  100  grams  of  lean  finely  ground  cooked  meat  with  100  cc.  of  water. 
The  food  as  it  left  the  stomach  was  conducted  from  the  duodenum, 
about  one  and  a  half  inches  from  the  pyloric  sphincter,  by  means  of  a 
glass  cannula.  At  times  it  was  found  convenient  to  use  an  aspirator 
which  was  connected  to  the  glass  cannula.  The  emptying  time  for  this 
meal  was  generally  two  and  one-half  hours  (this  varied  in  different  dogs) 
and  the  amount  of  chyme  collected  was  generally  75  cc.  to  100  cc. 
more  than  the  amount,  of  semi-fluid  ingested.  These  dogs  were  dieted 
during  the  experimental  period. 

TABLES 

Showing  urine  NHi  during  gastric  digestion  without  absorption 


poo:    w™,o™ 

nominal 

Mai: 

00  crams 
0«.  HA 

o-t* 

»DOl 

Maal:     lOOframa 
ruaat— 100  <w.  HrO 

0— 

no  maal 

Urina 

NHi  N 

Drill* 

NH.  N 

Urine 

NH,  N 

Urine 

NHi  N 

•.->. 

«. 

mm. 

«. 

num. 

u. 

Tiara. 

«. 

mtm. 

7.00-7.30 

9 

4 

11 

6.2 

12 

6.0 

15 

8.3 

Meal  8.00 

8 

3.8 

10 

6.0 

10 

5.6 

13 

8.0 

8.30 

6 

3.0 

8 

5.2 

9 

5.2 

14 

8.0 

9.00 

6 

3.1 

8.5 

6.0 

6.5 

4.7 

12 

7.6 

9  30 

5 

2.6 

7 

5.0 

6 

4.7 

11 

7.8 

10.00 

S 

2.6 

.  7 

4.8 

6 

4.2 

9 

7.0 

10.30 

4 

2.0 

7 

4.8 

5 

3.9 

9 

7.0 

11.00 

4 

2.5 

6.5 

4.5 

4 

3.1 

8 

6.4 

11.30 

4 

2.5 

7 

4.5 

4 

3.1 

8.5 

6.7 

or  sufficient  per  se  to  cause  death.  Nausea  is  easily  produced  by  manipulation 
of  the  duodenal  mucosa.  la  some  instances  iu  dogs  that  I  have  observed,  when 
fluid  was  injected  into  the  distal  portion  of  the  gut,  a  large  amount  was  pushed 
back  through  the  fistula,  unless  it  was  stopped  by  plugging  the  fistula  with  cot- 
ton. Violent  vomiting  was  often  produced  by  this  latter  method  and  was  only 
relieved  by  taking  the  cotton  from  the  fistula  and  permitting  the  fluid  to  flow 
out.  If  tbe  fistula  is  made  smalt  (size  of  a  pencil  or  about  1  cm.  in  diameter) 
the  dogs  will  live  indefinitely  in  good  health  and  will  not  vomit  upon  injecting 
fluid,  if  the  latter  is  injected  slowly. 

At  Dr.  A.  B.  Luckhardt's  suggestion  this  operation  bas  been  done  in  two 
stages.  In  the  first  operation  the  gastrostomy  was  made  and  the  first  3  to  4 
inches  of  the  duodenum  transplanted  ex  t  rape  r  it  one  ally.  In  the  second  opera- 
tion a  small  opening  (1  cm.  in  diameter)  was  made  in  the  duodenum.  Dogs  thus 
operated  will  live  indefinitely.  The  opening  must  be  dilated  daily  to  prevent 
closure. 
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Here  again  a  decrease  in  the  urine  ammonia  is  noticed  but  a  control 
also  shows  a  gradual  decrease.  The  only  conclusion  warranted,  then, 
is  that  there  is  no  increase  in  urine  ammonia  during  gastric  digestion. 

Oaatrie  stimulation  without  absorption  followed  by  the  absorption  of  add 
and  neutral  chyme 

Acid  chyme:  dog.  The  dogs  with  the  gastric  and  duodenal  fistula* 
were  used  in  this  experiment.  The  foregoing  experiment  with  them 
was  repeated  and  the  chyme,  instead  of  being  thrown  away  was  ool- 

TA8LET 

Dog  P:  on  did.    Add  chyme.    Trial  III 


™ 

.™," 

NH.  N 

«-„ 

a.  a. 

m§m. 

7.00-7.80 

2  6 

3.2 

BOO 

2.2 

2.2 

Meal :  100  (mm«  ground,  cooked  nie«t,  lSOocHaO 

8.30 

2.2 

2.2 

BOO 

2.2 

2.2 

930 

2.0 

2.2 

10.00 

1.8 

1.7 

10  30 

l.S 

1.8 

Stomach  empty;  injected  the  chyme  collected 

11.00 

fl.5 

8.3 

into  duodenum 

11.30 

8.0 

12  8 

12.00 

10.0 

11.0 

13.30 

7.0 

8.8 

1.00 

6  5 

7.0 

1.30 

4  0 

5.1 

a.  oo 

8.0 

4.1 

looted,  and  when  the  stomach  was  empty,  it  was  injected  into  the 
distal  portion  of  the  intestine  for  absorption.  The  chyme  titrated 
from  0.18  per  cent  to  0.22  per  cent  total  acid  and  from  0.05  per  cent 
to  0. 1  per  cent  free  acid.  The  free  acidity  was  obtained  only  toward 
the  latter  part  of  digestion.  Tables  7  and  8  show  typical  results  of 
three  trials  on  each  dog. 

Table  7  shows  the  slight  decline  in  urine  ammonia  during  d 
referred  to  before,  followed  by  a  marked  increase  in  the  urine  a 
and  the  quantity  of  the  urine  output  upon  the  injection  of  the  acid 
chyme. 
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Injection  of  neutral  chyme.  The  foregoing  experiment  was  repeated 
but  instead  of  injecting  the  acid  chyme,  the  chyme  was  made  neutral 
to  phenolphthaleio  by  the  addition  of  NaHCO,. 

Table  S  shows  that  the  absorption  of  neutral  chyme  did  not  increase 
the  urine  ammonia,  although  a  diuresis  resulted.  On  the  other  hand, 
there  is  a  diminution  of  NHt  after  the  injection,  which  is  of  some  signifi- 
cance as  it  occurred  in  each  of  the  dogs  and  in  all  of  the  three  trials  on 
the  same  dog. 

It  is  apparent  from  the  results  of  the  injection  of  acid  and  neutral 

chyme  into  the  intestine  for  absorption  that  there  is  an  increase  in  the 

urine  ammonia  upon  the  absorption  of  the  acid  gastric  contents  and  no 

increase  in  NHg  upon  the  absorption  of  neutral  gastric  contents. 

table  ■ 

Dog  P:  on  diet.     Neutral  chyme.     Trial  II 


™. 

2S5* 

NHi 

N 

— 

7.00-7.30 

4.0 

4.2 

8.00 

4.5 

4.0 

Meal :  100  grama  ground,  cooked  meat,  150  cc,  HtO 

8.30 

4.0 

4.4 

0.00 

3.6 

3.8 

0.30 

3.5 

3.8 

10.00 

3.2 

3.6 

Stomach  empty  at  10.15.    Chyme  was  neutral- 

10.30 

3.0 

3.2 

ised  with  NaHCOt  and  injected  into  duodenum 

11.00 

8.0 

3.2 

11.30 

12.5 

2.0 

12.00 

9.2 

1.4 

12.30 

6.0 

1.3 

1.00 

4.0 

1.3 

Influence  of  the  consistency  of  the  acid  chyme  upon  urine  ammonia 

As  it  is  well  known  that  water  is  absorbed  in  the  intestine  at  a  rapid 
rate  and  as  digestion  of  food  substances  by  enzymes  takes  place  more 
rapidly  and  completely  in  dilution,  thereby  facilitating  absorption, 
it  was  considered  of  importance  to  ascertain  if  the  fluid  consistency 
of  the  chyme  bad  any  influence  upon  urine  ammonia. 

In  one  of  the  duodenal  fistula  dogs  the  semi-fluid  chyme  was  col- 
lected and  the  supernatant  liquid  decanted.  This  liquid  was  titrated 
and  its  total  acidity  calculated.  The  amount  of  N/2HC1  equal  to  this 
total  acidity  was  then  added  to  the  solid  portion  of  the  chyme  so  that 
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the  amount  of  the  acid  in  the  solid  chyme  was  now  equal  to  the  amount 
of  the  solid  chyme  plus  the  supernatant  liquid.  The  solid  chyme  was 
then  injected  into  the  duodenum.  Table  9  shows  typical  results  of 
the  three  trials  of  this  experiment. 

As  was  expected  and  as  is  shown  by  the  results  in  table  9,  the  con* 
sistency  or  dilution  of  the  acid  chyme  is  a  factor  in  the  increase  in  the 
urine  ammonia  during  absorption.    On  diluting  the  acid  chyme  the 


Coniristency  of  arid  chymt  and  urine  ammonia.     Dog  P:  on  diet.     Trial  III 


OLiA 

MMtr 

ora-Mi- 

rtn 

MS  it 

c^.'; 

»LID 

1 

HudII 

3 

l] 

j| 

az 

£z 

X 

z 

.... 

a*-. 

mtm. 

8  00 

Meal:  100  grama  ground  cooked  nmi, 

8  30 

8  0 

5  3 

8.5 

3.7 

15  cc.  II.O 

0.00 

7.0 

47 

7  0 

3  5 

9  30 

6.2 

4.5 

6  5 

3.0 

10.00 

6.0 

4  0 

6  3 

3  0 

Stomach  empty:  A.    10.00;   B,    10.25. 

Inj.  10.30 

5  8 

3.1 

5.0 

2.5 

Injected  into  duodenum 

11.00 

6  0 

6.7 

5  5 

4  8 

A,  325  ce.  chyme  fluid,  total  acidity 

11.30 

13.0 

11.2 

6.0 

6  8 

140  cc.  X/lOllCI* 

12.00 

9  2 

8.5 

5  0 

SO 

I),    100    cc    aemi-anlid    chyme,     total 

12  30 

7.6 

63 

4  5 

5  1 

acidity  152  cc.  X  lOHC'C 

1.00 

6.1 

6  0 

4  0 

4  5 

1.30 

6  0 

5.8 

4  0 

A  5 

'  All  of  this  acidity  is  not  of  gantri 


e  origin  aa  the  n 


urine  ammonia  was  increased  an  compared  with  the  absorption  of 
more  solid  chyme,  although  the  total  acid  content  was  kept  the  same. 
In  the  latter  no  free  acid  was  present  at  all.  By  way  of  explanation, 
dilution  facilitates  digestion  and  absorption;  and  free  acid  is  present. 
As  a  result  acid  is  thrown  into-  the  blood  at  a  more  rapid  rate  and  more 
ammonia  is  required  to  neutralize  the  acid  in  order  tliat  the  H-iou 
equilibrium  be  maintained  without  drawing  upon  the  plasma  alkaline 
reserve. 
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Absorption  of  water,  acid  and  alkali  from  the  intestine 

In  these  experiments  the  subject  would  swallow  at  night  before 
retiring  two  tubes,  one  of  flexible  rubber  of  such  a  length  that  it  would 
not  be  passed  into  the-  duodenum,  and  the  other  a  tube  of  the  Einhorn 


AbBOT 

Hion  o 

'  water  from  the  intestine:  man.     Trial  II 

.**.«.„*. 

„«» 

I 

rl 

n 

ll 

< 

X 

..-.. 

«. 

«. 

mgrn. 

6.30-7.00 

25.0 

25.0 

32.5 

20 

6.0 

7.15 

10.0 

32.5 

40. 0 

7.30 

0.0 

27.5 

37  5 

15 

5.1 

7.45 

7.5 

27.5 

37.5 

Inj.  8.00 

80 

25  0 

35.0 

14 

5.0 

Injected  200  cc.  H,0  into 

duo- 

S.15 

7.0 

22.5 

30  0 

denum  via  duodenal  tube 

8.30 

9.0 

22.5 

32.5 

20 

4.8 

8.45 

8.0 

20.0 

30.0 

9.00 

7.0 

20.0 

32.5 

25 

4.6 

9.30 

10.0 

22.5 

30  0 

20 

4.0 

10.00 

12.0 

17.5 

25.0 

18 

4.0 

10.30 

B.O 

20.0 

27.5 

16 

3.5 

TABLE  10A 
of  water  from  the  intestine:  dog.     ISO  cc.  H,0 


*». 

ro.. 

HWIBCK 

ll 

| 

r 

sz 

mem. 

mum. 

2.00 

2.00 

2.30 

8 

5.6 

2.30 

5.0 

2.8 

Inj.  3.00 

7 

5.0 

Inj.3.00 

4.0 

3.2 

Injection   made   v 

a  the  duo- 

3.30 

8 

6.0 

3.30 

6  0 

B.3 

denal  fistula 

4.00 

12 

6.0 

4.00 

10.0 

3.6 

4.30 

16 

6.4 

4.30 

16.0 

8.6 

5.00 

20 

5.6 

5.00 

14.0 

4.0 

5.30 

14 

4.8 

5.30 

12.0 

3.6 

6.00 

10 

4  5 

6.00 

7.0 

2.5 
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type  of  auch  a  length  that  15  inches  could  pass  into  the  duodenum.  The 
next  morning  the  longer  tube  would  be  in  the  duodenum,  which  could 
be  accurately  determined  by  blowing  air  into  tile  tube,  or  still  more 
accurately  by  applying  suction  to  the  tube  in  the'stomach  while  inject- 
ing fluid  into  the  duodenum.  If  the  fluid  injected  was  drawn  out 
through  the  stomach  tube,  the  duodenal  tube  was  not  in  the  duodenum 


TABLE  II 

Abtorption  of  acid  from  the  inttttine;  i 


Trial  III 


.OTCma. 

n™. 

Tim* 

8 

ft 

| 

J 

BBftaia 

i 

I* 

$ 

IK 

:m. 

•e. 

a. 

mtm. 

8.30-7 .00 

13  0 

10.8 

7.16 

50  0 

20  0 

35  0 

7.30 

10  0 

30  0 

35  0 

12  5 

110 

7-45 

7.0 

32.5 

40.0 

Inj.  8.00 

8.0 

32.5 

40.0 

12.5 

9.8 

Injected  200  ee.  N/20  HCI  into 

8.15 

7.5 

30.0 

40  0 

duodenum* 

8.30 

7.0 

35.0 

40  0 

19.0 

10.8 

8.45 

8  0 

0 

10  0 

Bile  regurgitation  t 

9.00 

80 

2  5 

12  5 

18  5 

13.0 

9.30 

10.0 

35.0 

47  5 

17.0 

11.0 

10.00 

11.0 

40.0 

47.5 

18  0 

98 

10.30 

10  0 

32.5 

37  6 

15  0 

8  2 

11.00 

0.0 

300 

37.5 

10  0 

7  6 

*  There  vu  *  regurgitation  of  bile  into  the  stomach  in  every  trial.  A  clamp 
had  to  be  placed  on  the  duodenal  tube  to  prevent  bile  being  forced  out  upon  the 
clothing. 

t  Thie  increase  in  ammonia  U  not  very  marked  but  U  tig&ificant  u  it  occurred 
during  a  time  when  the  urine  ammonia  waa  normally  on  the  decline,  as  stated 
before  for  thia  individual.  The  largest  increase  observed  during  the  serins  of 
four  experiments  waa  4  mgm.  per  fifteen-minute  period.  This  table  is  not  pub- 
lished aa  the  gastric  record  is  incomplete. 

but  in  the  stomach.  Failure  of  the  tube  to  pass  into  the  duodenum 
occurred  only  once  during  a  series  of  thirty  tests.  Urine  was  collected 
in  half  hour  intervals  and  the  continuous  gastric  secretion  withdrawn 
every  fifteen  minutes.  Each  experiment  with  acid,  alkali  and  water 
waa  repeated  three  times. 

Tables  10,  11,  12  and  13  will  show  typical  results  obtained  upon  one 
man  with  the  injection  of  water,  acid  and  alkali. 
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TABLE  11A 

Absorption  of  acid  from  the  intestine:  dog.    ISO  ec.  N/20  HC1 


•^ 

POO- 

raocBDcaa 

- 

s 

•Ml 

n 

@2 

J] 

mr, 

mem. 

J  msm. 

1.30 

contents 

1.30 

contents 

2.00 

6 

4.2 

2.00 

4.0 

5.1 

2.30 

5 

4.0 

2.30 

4.0 

4.8 

Inj.  3.00 

5 

4.0 

Inj.  3.00 

4.0 

5.1 

Injection  made  via  duodenal 

3.30 

7 

4.8 

3.30 

8.0 

7.6 

fistula 

4.00 

14 

9.6 

4.00 

12.0 

8.0 

4.30 

20 

15.1 

4.30 

15.0 

10.1 

5.00 

25 

13.2 

5.00 

19.0 

8.5 

5.30 

18 

8.8 

5.30 

17.0 

9.4 

8.00 

12 

7.2 

6.00 

12.5 

7.6 

6.30 

9 

6.1 

6.30 

7.0 

6.2 

TABLE  U 

Absorption  of  alkali  from  the  intestine:  man.     Trial  I 


_*«. 

*, 

raa 

I 

J 

t 

1 

gs 

■MUX* 

•.«. 

«. 

«. 

mtm. 

6.00-6.30 

36 

20.0 

37.5 

15 

8.9 

7.00 

14 

35.0 

45.0 

15 

8.8 

7.15 

7 

35.0 

42.5 

Inj.  7.30 

7 

32.5 

40.0 

20 

10.0 

Injected  200  cc.  6  per  eent  Ns- 
HCOt  into  duodenum 

7.45 

20 

0 

1.0 

Bile 

8.00 

19 

2.0 

Vomited  30  CC.  ol  bUe* 

8.15 

8.30 

20 

0 

10.0 

26 

1.8 

8.45 

5 

0 

12.0 

9.00 

32 

1.6 

Stomach   dry:  no   continuous 

9.15 

secretion  f 

9.30 

5 

0 

17.5 

38 

3.0 

10.00 

5 

7.5 

20. 0 

28 

3  0 

10.30 

5 

15.0 

25.0 

28 

3.0 

*  Nausea  is  very  marked  and  in  two  instances  caused  deep  abdominal  vomit- 
ing, expelling  tubes  and  bile.  Regurgitation  of  bile  into  tbe  stomach  always 
occurred. 

t  This  inhibition  resulted  only  one  time. 
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TABLE  11A 
Ahiorpiion  of  alkali  from  th»  inttstine:  dog.     ISO  ec.  S  per  tint  NaHOOi 


«, 

«». 

PHOCIDOIB 

.t 

-if 

H 

■fB. 

mtm. 

2  00 

2  00 

content! 

2.30 

4 

5.4 

2.30 

6 

4.6 

Inj.  3.00 

3 

5  0 

3.00 

5 

46 

Injection  made   tU   duodrn»l 

3.30 

« 

4.2 

330 

7 

4.0 

fiatuU 

4.00 

9 

2  0 

4.00 

10 

1.8 

4.30 

12 

0  8 

4.30 

14 

1.2 

5.0O 

18 

10 

s.oo 

8 

1.0 

5.30 

10 

0.8 

6.30 

7 

0.8 

6.00 

7 

1.0 

6.00 

S 

0.8 

TABLE  11 

Absorption  of  water  from  the  large  inleitin 


I   111    $     1      I 


Q  45-10  15 

10  30 
Inj.   10  45 

11  00 
11. IS 


4.0  12.5  17.5 

4  0  12  5  17  5 

4  0  I  12  5  :  20  0 

20  0  20  0  '  22  0 

8  5  '  20  0  22  0 


11.30 

8  0 

15  0 

20  0 

11.45 

12  00 

18  0 

30.0 

32.5 

12  15 

5  5 

25  0 

30.0  I 

12.30 

3  4 

15  0 

22  5  ! 

12  45 

4  0 

12.5 

22.5  ! 

4  8     Injected   per  enema  of  750  < 

!      warm  H,0  into  colon* 

5  3  I  Bile  tinged 


•  Thrwat.'t  wn  n-tniiwd  in  the  colon  for  IS  minutes  500  re.  to  550  cc.  of  water 
wm  in  the  stool,  thr  other  remaining  in  the  intestine. 


Table  10  shows  that  the  atmorption  of  water  from  the  intestine  cairn* 
no  change  in  urine  ammonia.  Nor,  aeeonling  to  table  13,  does  an 
increase  in  urine  ammonia  take  plaee  upon  alworption  of  water  from 
the  large  inli.-tine,  as  one  nu'Rht  think  would  happen  due  to  the  pres- 
ence of  bacterial  decomposition. 
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The  absorption  of  HC1  causes  an  increase  in  urine  ammonia  which 
corroborates  the  findings  of  Walter  (2)  and  others.  The  decrease  in 
urine  ammonia  upon  the  absorption  of  NaHCOi  (table  12)  also  accords 
with  the  observations  of  others. 

These  experiments  have  been  repeated  upon  dogs  with  duodenal 
fistula  with  identical  results  (table  10a,  11a,  12a).  The  results  obtained 
are  direct  evidence  confirming  the  reports  of  other  investigators  that 
urine  ammonia  is  increased  by  the  absorption  of  acid,  and  decreased 
by  the  absorption  of  alkalies  and  not  influenced  by  the  absorption  of 
water. 

TABLE  U 

Chitting  the  body  by  expoiure  to  cold.    Trial  II 


oMrrnic  juicb 

*, 

Amount 

Frw 
aridity 

Total 

Amo-nt 

NHi  N 

•.«.. 

w. 

«. 

mim. 

6.50-7.20 

15 

9.1 

7.35 

45 

20.0 

32.5 

7.50 

14 

32.5 

45.0 

18 

10.0 

8.05 

9 

32.5 

45.0 

8.20 

6 

25.0 

37.5 

14 

8.4 

Began  chilling  body 

8.35 

8 

22.5 

35.0 

8.50 

5 

25.0 

37.5 

23 

9.2 

9.05 

5 

23.5 

35.0 

0.20 

8 

17.5 

30.0 

28 

8.8 

Stopped  chilling  body 

9.35 

5 

15.0 

25  0 

9.50 

15 

e.o 

10.20 

17 

0.2 

10.50 

15 

6.6 

Diuresis  and  urine  ammonia 

Since  diuresis  accompanied  the  increase  in  urine  ammonia  observed 
in  several  of  the  foregoing  experiments,  an  attempt  has  been  made 
to  see  if  diuresis  in  itself  might  cause  an  increase  in  ammonia  excretion. 

None  of  the  pbarmacopeial  diuretics  proved  satisfactory.  Upon 
injection  of  20  grains  of  diuretin,  in  solution  in  20  cc.  HiO  into  the  duo- 
denum, some  diuresis  resulted  with  a  very  marked  decrease  in  urine 
ammonia.  This  was  due  to  the  sodium  salicylate  which  is  said  to 
increase  urea  synthesis.  Injections  of  water  and  salt  solution- intra- 
venously did  not  prove  satisfactory  diuretics.    It  was  found  that 
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chilling  the  body  by  exposure  to  cold  was  the  best  and  least  trouble- 
some method  to  produce  diuresis. 

It  is  apparent  from  table  14,  as  well  as  from  table  10,  that  the  diuresis 
per  se  has  no  important  influence  upon  ammonia  excretion.  If  it  did 
have  an  influence  upon  ammonia  excretion,  one  would  expect    be 

TABLE  11 
Intravenout  injection  of  water.     Data  from  meond  injection 


- 

THI 

5 

£ 

| 

e 

z 

.— ..... 

i 

J* 

I1 

1 

•-■>- 

«. 

n. 

■#■>. 

10.30 

43 

2.5 

12.5 

10.45 

7 

22.6 

35.0 

11.00 

4 

42.6 

50.0 

12.8 

3.0 

11.  IS 

7 

36  0 

45  0 

11.30 

7 

25  0 

30.0 

20.0 

4.7 

11.45 

3 

22.0 

30.0 

12.00 

0 

22.0 

26.0 

21.8 

0.8 

12.15 

7 

20  0 

25  0 

12.30 

3 

22  0 

30.0 

13  4 

4.5 

12.45 

4 

27.0 

35  0 

1.00 

4 

25.0 

32.0 

11.8 

6.1 

Injection  began  at  1.10  and  ra 

Inj.  1.15 

■topped  at  1  28 

1  30 

27 

22.0 

32.0 

11  0 

5.0 

Hemoglobinuria 

1  45 

10 

300 

40  0 

2.00 

7 

32  0 

42.0 

4  4 

2.4 

2.15 

8 

27.0 

40.0 

2.30 

8 

30  0 

42  0 

4  4 

2  4 

2.45 

5 

32  0 

42.0 

300 

6 

300 

32  0 

4  8 

25 

8.  IS 

4 

20.0 

25  0 

3  30 

8 

17.0 

25.0 

4  2 

2  5 

3  45 

4 

20.0 

27  0 

Hrmaglobinuria  stopped  at  7.30 

400 

0 

26  0 

30.0 

3.2 

2  0 

greatest  amount  of  ammonia  to  be  present  during  the  period  of  greatest 
diuresis,  which  does  not  generally  occur  as  can  be  verified  by  reviewing 
tables  1  to  10*. 

ItUrai-enoiu  injection  of  redistilled  water:  man 

It  has  been  reported  (unpublished  results)  by  Doctor  Sutherland, 

working  in  this  laboratory,  that  intravenous  injection  of  water  caused 

an  increase  in  gastric  secretion.     With  this  in  view  and  desiring  to 
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note  if  injection  of  water  into  the  blood  stream  influenced  urine  am- 
monia in  any  way,  three  intravenous  injections  of  200  cc.  of  redistilled 
water  were  made  in  one  man.  The  injection4  was  made  over  a  period 
of  fifteen  minutes,  the  needle  being  inserted  into  the  basilic  vein.  The 
urine  and  gastric  juice  were  collected  for  a  period  previous  to  the  injec- 
tion as  a  control.    Table  15  shows  the  results  obtained. 

A  slight  gastric  stimulation  resulted  upon  the  injection  of  the  water 
(table  15).  The  urine  amount  as  well  as  the  urine  ammonia  was 
decreased.  The  acid  gastric  secretion  was  not  allowed  to  pass  into 
the  intestine  and  no  acid  was  absorbed,  explaining  the  absence  of  any 
increase  in  urine  ammonia.  The  gastric  stimulation  was  so  slight 
that  it  is  doubtful  that  there  would  have  been  an  increase  in  urine 
ammonia  even  if  the  juice  had  been  absorbed. 

GENERAL    DISCUSSION 

I 

It  is  well  known  that  the  ammonia  excretion  is  markedly  dependent 
upon  the  balance  of  acids  and  bases  in  the  body  under  physiological 
as  well  as  pathological  conditions.  Whether  or  not  there  will  be  an 
increase  or  a  decrease  in  urine  ammonia  during  digestion  will  depend 
upon  this  acid-base  balance.  It  must  be  kept  in  mind  that  during 
digestion,  although  acid  is  taken  from  the  blood  to  form  gastric  juice, 
alkali  is  also  used  to  form  pancreatic  juice.  In  fact  Hasselbalch's  (7) 
results  show  almost  invariably  a  greater  acidity  of  the  blood,  as  judged 
from  the  H-ion  concentration  of  the  urine,  for  the  period  after  the  meal. 
One  would  expect  the  urine  to  become  more  alkaline  if  the  blood  became 
much  more  alkaline  during  the  secretion  of  gastric  juice.  Higgins  (8), 
repeating  Hasselbalch's  work,  found  "no  marked  difference  between 
breakfastless  and  food  periods."  At  any  rate  urine  does  not  increase 
in  alkalinity  during  digestion.  However,  Higgins  (8)  and  Erdt  (9) 
both  found  an  increase  in  the  alveolar  CO,  tension,  the  former  assign- 
ing the  increase  to  the  slight  change  in  condition  rather  than  to  any 
effect  upon  blood  alkali,  and  the  latter  to  an  increase  in  the  reserve 
alkali  of  the  blood  caused  by  the  secretion  of  HC1.  D.  D.  Van  Slyke, 
Stillman  and  Cullen  (10)  found,  by  taking  samples  of  blood  before  the 

'  A  hemaglobinuria  resulted  upon  injection  and  lasted  five  hours.  It  was 
apparent  at  the  first  urination  and  was  most  marked  three-fourths  of  an  hour 
After  the  injection  ceased.  The  hemaglobin  index  was  reduced  from  92  to  84 
(Haldane — Sahli  method).  The  conductivity  of  the  blood  was  increased  slightly. 
No  other  reaction  was  observed. 
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meal  and  from  one-half  to  two  hours  after  the  meal,  "that  the  alveolar 
COj  tension  rises  after  a  meal"  and  that  "plasma  carbonate  in 
some  cases  increases  slightly,  in  others  does  not,"  results  which.  Van 
Slyke  says,  confirm  Higgin's  rather  than  Erdt's  explanation  of  the 
increased  alveolar  CO»  tension  during  digestion.  These  findings  offer 
an  explanation,  then,  for  the  variations  in  normal  and  pathological  in- 
dividuals and  probably  explain  why  in  some  of  the  subjects  of  my  series 
no  increase  in  urine  ammonia  occurred  during  digestion  and  absorption, 
for  the  greater  the  alkaline  reserve  or  base  balance  of  the  blood,  the  leas 
will  be  the  urine  ammonia,  and  vice  versa,  for  a  smaller  or  a  greater 
amount  of  NHi  would  be  called  upon  to  act  as  "  buffer"  to  the  acid 
absorbed. 

Since  there  is  no  marked  change  in  the  acid-base  balance  of  the  blood 
during  digestion,  it  is  apparent  that  the  absorption  of  acid  rhyme 
would  be  followed  by  an  increase  in  urine  ammonia  and  that  any 
fac\or  that  would  increase  the  amount  of  acid  in  the  chyme  or  increase 
the  rate  of  absorption  of  the  acid  would  be  followed  by  an  increase  in 
urine  ammonia.  On  the  other  hand,  if  this  acid  is  neutralised  before 
being  absorbed,  no  increase  in  urine  ammonia  will  occur.  Whether 
neutralization  of  the  acid  outside  the  intestine  by  NaHCOi,  as  was  done 
in  this  study,  is  comparable  to  neutralization  by  the  alkaline  pancreatic 
juice  in  the  intestine  is  a  question.  Nevertheless  it  seems  obvious  that 
neutralisation  of  the  arid  chyme  by  the  bases  of  the  alkaline  digestive 
juices,  coupled  with  relatively  slow  absorption,  would  not  place  an 
extra  task  upon  the  acid-base  balance  of  the  blood  and  as  a  result  no 
increase,  or  possibly  a  slight  increase,  in  the  urine  ammonia  would 
occur.  (The  diminution  in  ammonia  after  the  injection  of  the  neutral 
chyme  in  table  8  was  probably  due  to  the  excess  in  alkalinity  of  the 
neutral  chyme  plus  the  alkaline  digestive  juices.)  But  if  the  acid  chyme 
is  thrown  into  the  intestine  at  a  faster  rate,*  and  if  its  acidity  and  rate 
of  absorption  are  increased  as  when  the  water-ingestion  with  the  meab 
is  increased,  it  is  obvious  that  a  noticeable  increase  in  urine  ammonia 
would  occur  for  this  sudden  excess  of  acid  would  require  ammonia  for 
its  neutralization  in  order  to  prevent  the  utilisation  of  the  plasma 
alkaline  reserve  or  a  change  in  the  H-ion  concentration  of  the  blood. 

1  See  table  1  and  a  later  paper. 
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CONCLUSIONS 

1.  The  ammonia  excretion  after  the  ingestion  of  a  meal  varies  slightly 
in  the  same  individual  and  markedly  in  different  individuals.  There 
was  an  increase  in  urine  ammonia  after  the  ingestion  of  a  meal  in  the 

.  majority  of  cases  studied  in  this  series.    A  marked  increase  occurred 
in  the  dogs  worked  upon. 

2.  During  gastric  stimulation  by  food  or  by  water  followed  by 
absorption  in  the  intestine  there  is  an  increase  in  urine  ammonia. 

3.  The  degree  of  increase  in  urine  ammonia  upon  the  absorption  of 
acid  chyme  is  dependent  upon  the  rate  of  absorption  of  the  acid  chyme 
or,  in  other  words,  its  fluid  consistency. 

4.  During  gastric  secretion  not  followed  by  absorption  in  the  intes- 
tine no  increase  in  urine  ammonia  occurs. 

5  a.  The  absorption  of  water  from  the  intestine  (distal  or  proximal) 
causes  some  diuresis  but  no  change  in  urine  ammonia. 

b.  The  absorption  of  alka'i  from  the  intestine  causes  diuresis  with  a 
marked  decrease  in  urine  ammonia. 

c.  The  absorption  of  acid  from  the  intestine  causes  some  diuresis 
with  an  increase  in  urine  ammonia. 

6.  Diuresis  per  se  causes  no  change  in  urine  ammonia. 

7.  Intravenous  injection  of  water  causes  some  gastric  stimulation 
but  no  increase  in  urine  ammonia  or  urine  output. 

So  gastric  secretion  and  urine  ammonia  are  related  in  that  the  urine 
ammonia  is  increased  by  the  absorption  in  the  intestine  of  the  acid 
product  of  gastric  secretion,  provided  that  this  acid  secretion  is  ab- 
sorbed before  neutralization  occurs,  i.e.,  at  a  relatively  fast  rate. 

The  writer  desires  to  acknowledge  his  indebtedness  to  Doctors  Luck- 
bardt  and  Carlson  for  their  valuable  criticisms. 
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Ab  has  been  pointed  out  before,  adrenin  possesses  the  selective  action 
of  stimulating  the  terminations  of  the  sympathetic  nervous  system  (I). 
Intravenous  injections  of  adrenin  then  should  duplicate  the  results  of 
artificial  stimulation  of  the  sympathetica  to  a  (riven  tissue. 

Of  all  the  endocrine  glands,  the  adrenals  and  their  innervation  have 
probably  received  the  greatest  attention  at  the  hands  of  investigators. 
Jacobi  (2)  early  described  branches  of  the  splanchnic  nerves  which  pass 
into  the  adrenal  glands  and  Dogiel  (3)  later  established  the  anatomical 
relation  of  these  nerves  to  the  adrenals.  The  observation  by  Biedl  (4) 
that  stimulation  of  the  splanchnic  nerves  produced  vasodilatation 
in  the  gland  was  soon  confirmed  by  Dryer  (5),  Tschboksaroff  (6)  and 
later  by  many  other  observers.  The  conclusion  was  that  the  splanch- 
nic* carry  vasodilator  fibers  to  the  adrenal  glands.  G.  von  Anrep  17) 
in  his  study  of  the  relations  of  the  suprarenal  glands  to  the  normal 
vascular  reactions  of  the  body,  observed  dilatation  to  occur  in  the 
glands  following  the  administration  of  adrenin  by  vein.  Neuman  (S) 
using  massive  doses  of  adrenin,  observed  that  the  blood  flow  through 
the  adrenal  glands  was  slightly  increased  during  the  pressor  effect 
of  an  adrenin  injection. 

In  the  studies  of  the  effect  of  adrenin  on  the  circulation  in  the  adrenal 
glands,  short  lasting  injections  of  varying  dosage  only  have  been  used. 
No  records  of  infusions,  which  probably  most  nearly  simulate  the  normal 
discharge  of  the  glands,  could  be  found.  It  was  considered  therefore 
that  a  careful  study  of  both  injections  and  infusions  of  varying  dosage 
might  conceivably  give  different  results  than  those  recorded. 
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The  method  of  investigation  used  in  this  study  has  been  that  de- 
scribed for  the  outflow  in  previous  papers  of  the  series  (1).  The  left 
adrenal  gland  was  exposed  through  median  and  lateral  incisions  in 
the  abdominal  wall  and  its  peritoneal  covering  removed.  The  large 
vein  from  the  abdominal  wall  which  crosses  the  gland  and  pours  into 
the  adrenal  vein  was  ligated  about  one  inch  distal  to  the  gland.  An 
oiled  cannula  was  then  inserted  into  the  vein  central  to  the  ligature. 
The  adrenal  vein  was  then  tied  off  close  to  the  renal  vein.  The  venous 
circulation  in  the  short  section  of  vein  was  thus  reversed.  This  method 
was  used  simply  for  convenience  and  it  interfered  in  no  way  with  the 
normal  venous  discharge  from  the  gland. 

Dogs  under  ether  anesthesia  were  used  as  experimental  animals. 
The  blood  pressure  was  recorded  from  the  femoral  artery  as  before 
described  (1). 


The  effects  of  adrenin  ("adrenalin")  in  pressor,  depressor  and  neutral 
injections  and  infusions  were  studied,  the  drug  being  injected  into  the 
femoral  vein. 

It  was  found  that  the  effect  of  adrenin  on  the  circulation  in  the 
adrenal  glands  was  much  less  than  the  recorded  literature  on  the  sub- 
ject would  lead  one  to  expect.  Figure  1  shows  the  result  of  a  pressor 
infusion.  The  only  noticeable  effect  was  a  short  lasting  increase  in 
the  outflow  which  occurred  during  the  early  part  of  the  rise  in  arterial 
pressure.  This  may  probably  be  explained  as  due  to  the  propulsive 
effect  of  the  increased  output  from  the  heart.  Its  brevity  strongly 
s  that  it  is  not  due  to  a  direct  action  of  the  drug  on  the  gland 


Figure  2  shows  the  effect  of  an  injection  which  is  at  first  pressor  and 
then  depressor.  During  the  early  part  of  the  pressor  stage  there  occurs 
the  characteristic  increase  in  outflow.  During  the  depressor  stage 
there  is  a  diminution  in  the  outflow.  This,  however,  is  only  an  appar- 
ent dilatation  in  the  gland  followed  by  constriction.  On  closer  analysis 
the  change  in  the  outflow  can  be  interpreted  as  entirely  passive.  Dur- 
ing the  whole  of  the  blood  pressure  reaction  the  average  rate  of  outflow 
was  one  drop  per  second.  This  is  exactly  the  average  rate  of  outflow 
before  and  after  the  injection.  Regardless  of  the  injection  the  rate 
of  flow  through  the  gland  per  minute  was  the  same. 
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The  action  then  of  adrenin  on  the  circulation  in  the  adrenal  glands 
is  purely  passive. 


Fix.  1.  Effects  of  an  infusion  of  20  ce.  of  1-100,000  adrenin  in  (wo  mi  nut**  a 
five  seconds  on  the  outflow  from  the  suprarenal  vein.  Blood  prenaure  ma 
ometer  ulishtly  damped.     Dog  weight.  II  kilo*. 


Fig.  2.  Effects  of  3  ce.  of  1-100,000  adrenin  on  the  outflow  from  the  nuprareoal 
win.     Blood  pressure  manometer  damped.     Dog  weight,  10  kilos. 

DIBCDB8ION 

The  trauma  neressary  to  the  experimentation  can  hardly  be  respon- 
sible for  the  observed  results.  The  sympathetic*  pus  to  the  stands 
along  the  suprarenal  artery.  In  cannula  ting  the  adrenal  vein,  the 
arterial  supply  was  carefully  preserved.  The  failure  of  adrenin  to 
produce  any  active  change  in  the  blood  flow  through  the  adrenal  glands 
leads  to  the  conclusion  that  the  splanchnic  nerves  do  not  carry  vaso- 
motor fibers  to  the  glands. 
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Since  the  completion  of  this  work  a  paper  by  Burton-Opitz  and 
Edwards  (9)  has  appeared  on  the  vasomotor  supply  to  the  adrenal 
glands  which  supports  this  conclusion.  These  investigators  measured 
the  blood  flow  through  the  glands  with  the  strorauhr.  They  observed 
no  change  in  the  blood  flow  through  the  gland  from  splanchnic  stimula- 
tion providing  the  general  arterial  pressure  was  maintained  at  a  con- 
stant level  by  simultaneous  stimulation  of  the  central  end  of  the 
splanchnics. 

CONCLUSIONS 

1.  Intravenous  injections  of  adrenin  produce  no  essential  changes 
in  the  blood  flow  through  the  adrenal  glands. 

2.  The  changes  produced  passively  follow  the  general  arterial 
pressure. 

3.  The  splanchnic  nerves  do  not  carry  vasomotor  fibers  to  the 
adrenal  glands. 
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Whipple,  Stone  and  Bernheim  (1),  (2),  (3),  have  pointed  out  the 
value  of  isolated  closed  intestinal  loops  in  the  study  of  some  of  the 
obscure  features  of  acute  intestinal  obstruction.  After  varying  inter- 
vals, depending  on  the  location  of  the  closed  loop,  there  accumulates 
in  these  loops  a  substance  which,  upon  injection,  causes  similar  but 
more  intense  signs  of  intoxication  than  those  in  dogs  with  obstruction. 
The  picture  is  one  of  severe  toxemia  with  low  blood  pressure,  low 
temperature,  vomiting  and  diarrhea.  It  has  been  stated  by  these  and 
many  other  workers  that  the  toxic  material  in  this  obstructed  portion 
contains  the  toxin  or  toxins  of  intestinal  obstruction  and,  as  a  result, 
a  great  amount  of  work  has  been  done  to  investigate  the  nature  of  this 
fluid.  Whipple  and  his  coworkers  have  concluded  that  the  important 
toxic  factor  is  of  a  proteose  nature  and  have  endeavored  to  show  that 
it  can  provoke  its  specific  antibodies  on  injection  as  well  as  increase 
the  resistance  of  a  normal  dog  to  experimental  obstruction.  In  a  more 
extensive  work  (4)  one  of  us,  working  with  Doctor  Moorhead,  failed  to 
corroborate  this.  The  present  study  is  in  part  an  outgrowth  of  this 
work,  being  a  further  investigation  of  the  problem  on  an  animal  much 
more  suited  for  immunological  study  than  the  dog. 

A  study  such  as  this  is  somewhat  illogical  at  a  time  when  so  little  is 
known  of  the  chemical  substances,  which  must  surely  be  many  and 
varied,  present  in  the  closed  loop  fluid.  Inasmuch  however  as  a 
study  of  this  kind  will  throw  light  on  this  question  of  the  chemical 
nature  of  the  toxins  of  the  loop  fluid,  it  is  justifiable  and  will  be  fol- 
lowed soon  by  comprehensive  chemical  and  analytical  studies. 

The  literature  is  not  very  conclusive  as  to  the  chemical  nature  of 
substances  which  may  act  as  antigens.  In  general  it  is  accepted  that 
all  proteins  have,  and  all  nonproteins  do  not  have,  antigenic  properties. 
The  question  is  by  no  means  settled  and  involves  a  discussion  of  the 
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chemical  nature  of  enzymes,  the  structure  of  animal  and  vegetable 
toxins,  etc.  See  the  discussions  by  Wells  (5)  and  Pick  (6).  The  best 
established  exception  is  that  of  Ford's  work  on  mushrooms  and  poison 
ivy  in  which  he  contends  that  the  poisons  are  glucosides  and  never- 
theless yield  antibodies.  Most  other  works  err  either  in  not  having 
the  antigen  protein  free  or  in  confusing  an  inhibiting  substance  iu  the 
serum  with  a  new  formed  antibody. 

In  addition  to  possible  practical  therapeutic  application,  the  produc- 
tion of  a  specific  immune  body  to  the  toxin  or  toxins  present  in  acute 
intestinal  obstruction  would  indicate  that  these  toxins  are  probably 
proteins  or  the  closely  allied  albumoses  or  proteoses;  whereas  a  failure 
to  produce  any  sort  of  immunological  reaction  after  repeated  injec- 
tion with  suitable  doses  in  suitable  hosts  may  be  taken  to  point  to  a 
toxic  substance  of  non-protein  nature. 


The  loop  fluid  was  obtained  from  intestinal  loops  produced  in  the 
manner  described  by  Dragstedt,  Moorhead  and  Burcky  (8).  Isolated 
closed  loops  of  the  duodenum,  duodeno-jejunum,  or  begimiing  jejunum, 
produced  in  this  manner  were  found  to  contain  after  forty-«ight  hours 
from  80  to  100  cc.  of  a  bloody,  foul-smelling  fluid.  This  fluid  was 
strained  through  a  coarse  mesh  to  remove  the  fragments  of  sloughed 
mucosa,  etc.,  and  then  heated  for  a  hour  over  a  water  bath  at  70"C. 
This  resulted  in  the  formation  of  a  large  coagulum  which  was  filtered 
off.  Such  treatment  was  fount)  not  to  affect  the  toxicity  of  the  loop 
fluid.  The  filtrate  was  then  kept  between  toluol  and  chloroform  at 
room  temperature.  Before  using,  the  preservatives  were  removed  by 
further  heating  to  70°C.  and  the  fluid  again  filtered.  Injections  were 
made  into  the  marginal  ear  vein  of  healthy  rabbits  primarily  at  inter- 
vals of  four  days,  later  at  varied  intervals  according  to  the  progress  of 
the  animal. 

The  immunological  work  consisted  of  a,  a  study  of  the  comparative 
resistance  of  normal  rabbits  and  rabbits  repeatedly  injected  with  loop 
fluid,  both  as  to  the  lethal  dose  and  to  the  effect  of  equal  doses  on  the 
blood  pressure;  b,  a  study  of  the  serum  of  injected  rabbits  with  reference 
to  the  appearance  of  any  neutralizing  or  antitoxic  substance;  and  c, 
observations  regarding  any  indication  of  anaphylaxis. 

a.  Question  of  increased  resistance  after  loop  fluid  injection.  Two 
series  of  experiments  were  conducted  with  reference  to  this  point. 
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In  the  first  series  the  rabbit*  were  injected  with  a  dose  slightly  less  than 
the  lethal.  This  should  result  in  a  marked  and  rapid  production  of 
antibodies  and  the  increased  resistance  could  be  easily  studied  by  but 
slight  variations  in  the  amount  injected;  e.g.,  a  rabbit  that  had  received 
several  injections  of  2  cc.  per  kilo  should  easily  resist  a  dose  of  say  2.5 
cc.  per  kilo  if  there  was  any  increased  resistance.  The  fluid  used  was 
standardized  by  injection  into  five  normal  rabbits  (see  table  1). 

TABLE  I 

Stamdarduatum  of  fluid  XO, 


„ n.„ 

_ 

sssz> 

-JEST 

_™ 

«■— 

m. 

2 

1000 

7.5 

4.0 

De»d  in  0  hour* 

3 

2800 

7.8 

3.8 

Demd  in  12  hour. 

4 

2280 

6.8 

3.0 

Demd  in  4  boon 

* 

2100 

4.3 

20 

Dead  in  41  boon 

1 

1440 

4.3 

3.0 

Survived 

It  will  be  observed  that  there  is  a  very  considerable  normal  variation 
in  the  dose  that  is  lethal  to  rabbits.  This  of  course  must  be  taken  into 
consideration  when  interpreting  results.  Two  rabbits  were  then 
■elected  and  injected  for  a  number  of  days  with  fairly  large  doses. 
The  details  of  dosage  and  result  are  tabulated  (see  table  2). 

Neither  rabbit  showed  an  increased  but  rather  a  decreased  tolerance 
to  subsequent  injections.  This  result* was  not  in  the  nature  of  an 
anaphylactic  reaction  or  protein  sensitisation  phenomenon  although, 
as  will  be  described  elsewhere,  the  injection  of  a  lethal  dose  of  loop 
fluid  results  in  a  post-mortem  picture  simulating  that  of  an  anaphy- 
lactic death,  the  effect  being  very  much  like  that  obtained  by  Dale 
and  Laidlaw  (9)  with  the  depressor  substance  B-iminasolyktbylamin 
when  injected  into  rodents. 

The  injection  of  such  large  doses  resulted  in  so  marked  a  loss  of  body 
weight  that  although  the  animals  were  apparently  in  good  condition 
■pon  recovery  from  each  injection,  there  may  have  been  a  greater 
loss  in  normal  resistance  than  increase  in  specific  resistance'  (if  there 
can  be  any  differentiation  between  the  two)  to  the  toxins  of  the  Loop 
fluid.  The  second  series  of  rabbits  were  therefore  injected  with  smaller 
doses  over  a  longer  period  of  time,  with  more  than  usual  effort  to  keep 
them  well  nourished  and  in  good  condition. 
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Ab  the  loop  fluid  used  in  this  aeries  was  different  from  that  of  the 
first  series  it  was  standardized  by  injection  into  five  rabbits  with  the 
results  as  tabulated  in  table  3.  Three  rabbits  were  then  injected  for  a 
number  of  days,  the  total  number  of  immunizing  doses  being  six. 
The  seventh  dose  was  a  larger  one  designed  to  test  the  rabbits'  resist- 

TADLE  1 

Repeated  injection  of  fluid  XOt 


:se 

«» 

_ 

£££ 

JIL 

™. 

i 

7     ■ 

11 

11 
14 

1440 
1340 
1300 
1300 

1650 
1550 
1500 
1500 

1620 

4.3 
4.0 
3.4 
3.9 

4.0 
3.1 
3.0 
3.0 
3.3 

3.0 
3.0 
2.6 

3.0 

2.8 
2.0 
2.0 
2.0 

2.2 

Moderate  depression.     Recovery 
Moderate  depression.    Recovery 
Slight  depression.    Recovery 
Dead  in  8  hours 

Marked  depression.    Recovery 
Slight  depression.    Recovery 
Slight  depression.    Recovery 
Slight  depression.    Recovery 
Dead  in  8  hours 

TABLE) 
Standardization  of  fluid  I 


2100 
1370 
1420 


No  depression 

Moderate  depression.    Recovery 

Moderate  depression.    Recovery 

Dead  in  22  hours 

Dead  in  18  hours 


ance  for  comparison  with  the  normal  rabbits  in  table  3.  The  procedure 
and  result  for  each  rabbit  are  detailed  in  table  4. 

Here  again  the  results  indicate  no  increased  resistance.  The  sur- 
vival of  rabbit  12  is  well  within  the  limit  of  normal  variation  as  illus- 
trated in  tables  3  and  1. 

The  final  experiment  to  test  the  possibility  of  an  increased  resistance 
in  the  "immunised"  animal  was  a  blood  pressure  experiment,  compar- 
ing the  effect  of  equal  doses  of  loop  fluid  upon  the  blood  pressure  in  a 
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normal  rabbit  with  that  upon  the  blood  pressure  of  a  rabbit  repeatedly 
injected  with  loop  fluid.  Several  experiments  of  this  kind  were  done 
and  while  the  results  varied  sometimes  widely,  there  were  never  any 
variations  that  could  be  ascribed  to  an  immunity  or  lack  of  immunity 
per  ee. 

b.  The  question  of  a  neutralising  substance  in  the  serum  of  rabbit*  re- 
peatedly injected  with  loop  fluid.    Although  the  normal  variation  in 

'  TABLE  4 

HepaaUd  injection  of  fluid  I 


nrsic 

"-— 

PAT* 

»■>«* 

£= 

™J£, 

■**• 

STMU 

m. 

[ 

1 

102S 

1.6 

1.0 

Slight  depression. 

Recovery 

j 

6 

1600 

1.6 

1.0 

Slight  depression. 

Recovery 

13 

1470 

1.0 

0.7 

Slight  depression. 

Recovery 

"  1 

21 

1300 

0.6 

0.5 

Slight  depression. 

Recovery 

1 

31 

1400 

0.8 

0.68 

Slight  depression. 

Recovery 

1 

42 

1600 

1.0 

0.7 

Slight  depression. 

Recovery 

55 

1800 

3.6 

2.0 

Dead  ill  21  hours 

f 

1 

HOD 

1.1 

1.0 

Slight  depression. 

Recovery 

7 

1020 

1.0 

1.0 

Slight  depression. 

Recovery 

13 

1080 

0.7 

0.7 

Slight  depression. 

Recovery 

13     J 

20 

1000 

0.0 

0  6 

Slight  depression. 

Recovery 

SI 

1180 

0.8 

0.7 

Slight  depression. 

Recovery 

42 

1100 

1.0 

1.0 

Slight  depression. 

Recovery 

I 

63 

1200 

3.0 

2.5 

Deed  in  24  hours 

'      ( 

1 

1300 

1.4 

1.0 

Slight  depression. 

Recovery 

7 

1240 

1.0 

0.8 

Slight  depression. 

Recovery 

13 

1320 

1.0 

0.7 

Slight  depression. 

Recovery 

12     ( 

20 

1140 

0.0 

(15 

Slight  depression. 

Recovery 

3} 

1220 

0.7 

0.6 

Slight  depression. 

Recovery 

67 

1440 

1.0 

0.7 

Slight  depression. 

Recovery 

l 

83 

1000 

4.0 

2.5 

Mir  ked  depression 

Recovery 

resistance  to  loop  fluid  is  very  large  in  different  rabbits  (see  tables  1 
and  3)  and  it  is  therefore  difficult  to  establish  a  definite  minimum  lethal 
dose,  indicative  results  should  surely  be  obtained  if  there  is  any  defi- 
nite neutralising  substance  in  the  serum  of  rabbits  repeatedly  injected 
with  loop  fluid.  Whipple,  Utone  and  Bernheim  (10)  report  negative 
results  combining  the  serum  from  a  dog  that  had  been  repeatedly  in- 
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jected  with  large  doses  of  loop  fluid,  with  loop  fluid  of  known  toxicity 
and  injecting  the  mixture.  They  however  report  that  organ  extracts 
and  emulsions  (liver,  spleen,  lung)  of  "immune"  dogs  rapidly  destroy 
the  loop  poison  during  incubation  in  vitro.  They  conceive  of  an 
immunity  residing  in  the  tissue  cells.  This  finding  may  be  in  accord 
with  that  of  Kraus  and  Lipschutz  (11),  who  report  that  the  extracts 
of  normal  organs  are  richer  in  antitoxin  against  certain  bacteriolysins 
than  is  the  serum  of  the  same  animal.  This  point  will  be  discussed 
later. 

A  rabbit  that  bad  been  repeatedly  injected  with  loop  fluid  (see  table 
5)  was  bled  to  death,  the  blood  defibrinated,  centrifuged  and  a  clear 
serum  obtained.  Loop  fluid  "I"  was  used  which  was  standardized  so 
that  2  cc.  per  kilo  was  the  approximate  minimum  lethal  dose  (see  table 

table  s 

Procedure  with  rabbit  whose  serum  woe  tested 


61 


1800 
1600 
1490 
1340 
1420 
1400 
1400 


Slight  depression.  Recovery 

Blight  depression.  Recovery 

Slight  depression.  Recovery 

Slight  depression.  Recovery 

Slight  depression.  Recovery 
Slight  depress! or 
Bled  to  death 


Recovery 


3).  Two  normal  rabbits  were  injected,  one  with  a  mixture  of  a  loop 
fluid  and  serum  (equal  parts)  that  had  been  kept  two  hours  in  the 
incubator  at  38°C.,  the  other  with  a  mixture  that  had  remained  two 
hours  in  the  incubator  and  then  kept  over  night  in  the  ice  box.  Both 
animals  died  in  less  than  twenty-four  hours  with  symptoms  and  post- 
mortem findings  the  same  as  when  no  serum  had  been  used  (see  table  6). 

A  similar  experiment  was  done  on  the  guinea  pig.  The  injection  of 
about  1  cc.  of  loop  fluid  intraperitoneally  into  a  360  gram  guinea  pig 
caused  death  in  twelve  to  fourteen  hours  with  symptoms  like  those  in 
anaphylactic  shock,  respiratory  difficulty,  etc.  Combining  the  loop 
fluid  with  the  serum  obtained  above  in  no  way  altered  either  the  amount 
necessary  to  cause  death  or  the  symptoms  and  autopsy  findings. 

A  further  test  was  made  to  see  if  the  serum  used  above  could  destroy 
the  depressor  effect  of  loop  fluid  on  the  blood  pressure  of  a  dog.    The 
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serum  was  incubated  with  the  loop  fluid  for  two  hours  and  the  mixture 
then  kept  over  night  in  the  ice  box.  In  several  such  experiments  do 
effect  of  either  neutralisation  or  augmentation  of  the  depressor  effect 
could  be  noticed. 

b.  Observation*  regarding  anaphylaxis.  During  the  course  of  the 
experiments  no  indications  of  anaphylaxis  were  observed.  This  was 
the  case  in  the  series  of  rabbits  that  were  repeatedly  injected  for  the 
experiments  above  and  also  in  three  other  rabbits  that  received  sensi- 
tiiing  doses  of  0.25,  cc.  loop  fluid  and  test  doses  of  1  cc,  eleven  days 
later.  The  symptoms  after  the  injection  of  large  doses  of  loop  fluid 
into  rodents  are  very  much  like  those  seen  in  anaphylactic  shock, 
however.  This  is  also  recorded  as  the  result  of  the  injection  of 
B-iminaxolylethylamiue  by  Dale  and  Laidlaw  (9).  This  substance 
Barger  and  Dale  have  shown  to  be  present  in  intestinal  mucosa  (12), 


table  ■ 

In/tclio*  of  miztur*  of  rabbit't  aerum  surf  l*op  fimd 


2  hours  At  37*C. 
2  hour.  At  37°C,  o 
night  is  ioe  box 


Dead  to  32b 
Dead  in  18  b 


an  observation  which  indicates  that  this  interesting  substance  may  be 
the  important  constituent  of  closed  intestinal  loop  fluid.  Experiments 
are  at  present  being  done  to  further  compare  the  physiological  action 
of  loop  fluid  with  that  of  B-iminasolylethylamine. 

The  absence  of  any  anaphylactic  phenomena  indicates  that  we  are 
not  dealing  with  toxic  substances  of  protein  or  proteose  nature.  (8m 
Gay  (13)  and  Wells  and  Osborne  (14).) 

No  test  tube  experiments,  complement  fixation  or  serum  reactions, 
etc.,  were  performed  because  here  no  helpful  conclusions  could  be  drawn 
from  such  observations.  If  there  were  no  visible  reactions  upon  add- 
ing "immune"  serum  to  the  test  loop  fluid  it  would  not  indicate  that 
there  was  neutralisation  or  interaction  between  the  two  as  a  visible 
reaction  is  not  a  sine  qua  non  to  such  interaction.  On  the  other  hand 
if  there  were  phenomena  of  precipitation,  etc.,  we  could  not  conclude 
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that  there  was  a  reaction  between  the  "immune"  serum  and  the  toxic 
principle  as  the  latter  is  present  in  such  a  composite  fluid  that  any 
number  of  results  are  possible. 

DISCUSSION 

At  no  time  during  the  course  of  these  experiments  was  there  any 
indication  of  a  definite  immunity  being  established  in  rabbits  follow- 
ing the  repeated  injection  of  closed  intestinal  loop  fluid.  The  very 
large  variation  in  resistance  to  the  injection  of.this  toxic  material  that 
is  met  with  in  normal  rabbits  can  adequately  account  for  all  seeming 
instances  of  immunity  in  our  opinion. 

The  experiments  of  Whipple  and  his  coworkers  in  "autolyzing" 
loop  fluid  with  organ  extracts  and  observing  a  decrease  in  toxicity  as  a 
result  cannot  be  considered  as  demonstrating  an  immune  reaction. 
Ewins  and  Laidlaw  (15)  have  found  that  p-hydro-xyphenyletbylamine 
is  readily  converted  into  p-hydro-xyphenylacetic  acid  by  the  perfused 
rabbits  liver  and  also  to  some  extent  by  the  perfused  isolated  uterus, 
while  if  the  isolated  heart  is  perfused  the  amine  is  completely  destroyed. 
They  also  demonstrated  that  indolethylamin  is  converted  to  indo- 
leacetic  acid  by  the  perfused  liver  (16).  More  recently  Guggenheim 
and  LofBer  (17)  have  made  a  more  comprehensive  study  of  the  fate  of 
proteogenic  amines  in  the  body.  They  corroborated  the  work  of 
Ewins  and  Laidlaw  and  demonstrated  that  a  large  number  of  the  very 
toxic  amines  are  rapidly  detoxicated  after  introduction  either  orally  or 
intravenously.  It  was  demonstrated  by  perfusion  of  the  liver  that 
this  organ  can  detoxicate  these  substances  by  deaminisation  and  oxida- 
tion of  the  amine  to  the  corresponding  carboxylic  acid.  It  is  very  likely 
that  this  detoxication  is  in  part  a  general  tissue  reaction  and  is  the 
phenomenon  responsible  for  the  loss  of  toxicity  observed  by  Whipple 
et  al  after  incubating  the  toxic  loop  fluid  with  organ  extracts. 

Davis  and  Stone  (18)  have  recently  shown  that  normal  intestinal 
secretion  is  non-toxic  upon  intravenous  injection.  This  was  to  be 
expected  inasmuch  as  dogs  show  no  intoxication  after  the  production 
of  open  intestinal  loops  that  are  permitted  to  drain  into  the  abdominal 
cavity  (4),  (9).  Such  secretion,  however,  when  kept  free  from  pre- 
servatives and  unheated,  rapidly  becomes  toxic  producing  the  same 
effects  upon  intravenous  injection  as  closed  loop  fluid.  A  rapid  and 
profuse  growth  of  bacteria  in  this  secretion  was  noted,  and  while  they 
do  not  consider  it  conclusively  demonstrated  that  bacteria  are  respon- 
sible for  the  development  of  this  toxicity,  it  is  certain  that  the  end 
products  of  bacterial  activity  are  concerned. 
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CONCLUSIONS 

1.  There  are  no  specific  antibodies  produced  following  the  repeated 
intravenous  injection  of  closed  loop  fluid  in  rabbits. 

2.  The  toxic  principles  of  closed  loop  fluid  are  probably  not  of  pro- 
tein nature. 

The  authors  wish  to  acknowledge  the  helpful  criticism  of  Dr.  Preston 
Kyes. 
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HISTORICAL 

A  great  deal  of  light  has  been  thrown  recently  upon  the  process  of 
coagulation  of  the  blood  and  the  part  played  by  the  different  blood 
constituents  in  this  process.  All  the  various  theories  on  the  normal 
blood  coagulation  have  been  recently  reviewed  by  Morawitz  (1), 
Whipple  (2)  and  others. 

The  theory  of  Howell  (3),  (4)  on  the  effect  of  tissue  juices  in  neutral- 
izing the  antithrombin  content  of  normal  blood  has  been  also  reviewed 
by  a  number  of  investigators.  It  may  be  worth  while  to  state  briefly 
this  theory,  so  as  to  keep  in  mind  the  different  factors  which  play  a 
part  in  normal  blood  coagulation.  The  normal  plasma  contains  pro- 
thrombin and  calcium  which  go  to  make  up  thrombin,  the  ferment 
which  acts  upon  the  fibrinogen  of  the  blood  and  converts  it  into  fibrin 
or  the  normal  blood  clot;  but  normal  blood  contains  also  an  anti- 
thrombin which  binds  the  prothrombin  and  renders  it  inactive  and 
before  the  prothrombin  can  become  active,  the  antithrombin  has  to  be 
neutralised  by  thromboplastin  derived  from  different  cells.  Howell 
(5)  has  also  isolated  the  lipoid  cephalin  from  the  brain  tissues  and  has 
shown  that  this  substance  has  strong  thromboplastic  properties  in 
neutralising  the  antithrombin  present  in  normal  blood  and  thus  allow- 
ing the  blood  to  clot  rapidly.  Hammarsten  (6),  basing  bis  claim  on  his 
own  work  and  that  of  others,  stated  that  only  the  calcium  precipitated 
out  of  the  blood  by  means  of  a  soluble  oxalate  is  necessary  to  trans- 
form the  fibrin  ferment  from  the  inactive  into  the  active  form;  the 
second  phase  of  the  process  of  blood  clotting,  namely  the  action  of 
thrombin  upon  the  fibrinogen,  can  take  place  also  in  the  absence  of 
calcium  salts. 

Without  going  into  a  detailed  discussion  as  to  the  different  theories 
on  blood  coagulation  and  as  to  which  of  them  has  more  scientific  evi- 
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dence  in  explaining  this  phenomenon,  we  will  find  one  thing  to  hold 
true  and  that  is  that  a  substance  can  be  obtained  from  different  tissues 
which  has  a  strong  thromboplastic  action,  greatly  accelerating  the  clot- 
ting of  the  blood.  This  Bubstance,  cephalin,  has  been  isolated  by 
Howell,  McLean  and  others  from  the  brain  and  other  tissues  of  the 
body.  To  test  the  thromboplastic  action  of  cephalin  Howell  (5)  used 
a  peptone  plasma  obtained  by  injecting  a  solution  of  Witte's  peptone 
into  a  dog,  0.4  to  0.5  gram  to  each  kilogram  of  animal  weight ;  the 
clear  plasma  obtained  by  centrifugalising  the  blood  of  the  dog  was 
evaporated  to  dryness;  small  quantities  of  the  evaporated  plasma  were 
rubbed  up  with  physiological  salt  solution,  filtered  and  used  for  the 
test.  The  thromboplastic  substance  was  obtained  by  Howell  (5)  by 
extracting  dried  brain  tissues  with  ether,  evaporating  the  ether,  then 
precipitating  the  cephalin  with  acetone  and  washing  with  alcohol.  A 
solution  of  this  substance  will  neutralise  the  action  of  the  antithmmbin 
of  the  blood.  In  another  paper  Howell  (4)  reviews  the  different  hy- 
potheses as  to  the  nature  of  the  thromboplastic  substance  extracted 
from  the  tissues  and  furnishes  evidence  to  show  that  it  facilitate* 
the  clotting  of  the  blood  only  in  those  plasmas  in  which  antithrombin 
is  present  and  that  it  acts  by  neutralising  this  antithrombin. 

McLean  (7)  further  reports  a  method  of  testing  the  thromboplastic 
activity  of  cephalin;  it  consists  in  activating  the  ineffective  thrombin 
present  in  fresh  serum  in  relatively  targe  amounts.  When  to  eight 
drops  of  oxalated  plasma  three  drops  of  0.1  per  cent  cephalin  solution 
in  distilled  water  and  three  drops  of  fresh  serum  are  added,  a  solid  clot 
is  produced  in  about  one  minute  while  the  control  clots  only  in  thirty 
minutes  to  two  hours.  McLean  (8)  has  further  demonstrated  the  fact 
that  cephalin  exposed  to  the  atmosphere  or  even  kept  in  a  desiccator 
over  CaCb  gradually  loses  its  thromboplastic  properties,  due  to  the 
fact  that  the  unsaturated  group  of  cephalin  becomes  saturated.  Sato- 
rated  or  partly  saturated  cephalin  not  only  will  not  exert  a  thrombo- 
plastic action,  but  a  solution  of  it  will  give  an  acid  reaction  and  even 
retard  the  coagulation  of  the  blood. 

Clinical  studies  by  different  investigators  have  shown  that  cephalin 
exerts  a  very  strong  hemostatic  action  when  applied  to  wounds;  refer- 
ence can  be  made  here  to  the  work  of  Himchfelder  (9)  and  Horwin 
(10). 
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EXPERIMENTAL 

The  method  of  preparation  of  cephalin  was  the  same,  with  slight 
modifications,  as  that  used  by  Howell  and  McLean  for  the  preparation 
of  their  laboratory  cephalin.  Brains  obtained  from  different  animals 
were  cleaned  of  all  the  membranes  and  blood  vessels,  macerated  to  a 
pulp,  spread  on  plates  and  dried  in  a  current  of  warm  air  for  twenty- 
four  to  forty-eight  hours;  the  dried  residue  was  then  extracted  with 
ether  for  twenty-four  hours;  the  ether  solution  of  cephalin  was  re- 
moved and  the  residual  mass  extracted  with  another  quantity  of  ether 
for  twenty-four  hours-  Both  extracts  were  filtered  and  the  filtrates 
evaporated  in  a  current  of  cold  air  to  a  semisolid  residue;  the  latter 
was  precipitated  and  washed  several  times  with  acetone.  The  precipi- 
tate was  then  redissolved  in  ether  and  filtered.  The  filtrate  was  evap- 
orated nearly  to  dryness,  then  placed  in  a  desiccator  over  sulfuric  acid 
where  the  cephalin  was  freed  from  the  last  traces  of  ether  and  acetone 
without  exposing  it  too  much  to  the  action  of  the  air  in  the  last  proc- 
ess. The  cephalin  was  then  placed  in  amber  glass  bottles,  evacuated 
and  sealed  off. 

To  test  the  different  cephalin  preparations  and  the  effect  of  the 
environmental  conditions  upon  this  thro  mixoplastic  substance,  the 
method  used  by  Howell  and  McLean  was  followed.  Tubes  having  a 
flat  bottom,  three-quarters  of  an  inch  in  diameter  and  two  inches  high, 
were  used  throughout  the  work  for  all  comparative  studies;  the  obser- 
vations were  carried  out  at  room  temperature  at  about  17°  to  19°C, 
except  when  otherwise  stated.  Complete  invertibility  of  the  clot  was 
taken  as  the  end  point  of  the  reaction.  The  procedure  was  carried  out 
as  follows:  the  desired  amount  of  plasma  (10  drops  used  in  all  cases) 
was  first  introduced  into  the  thoroughly  cleaned  tubes  using  one  clean 
pipette  to  fill  all  the  tubes  in  the  experiment;  enough  distilled  water 
was  then  added  with  another  clean  pipette  bo  that  all  the  tubes,  after 
the  addition  of  the  other  ingredients,  should  contain  the  same  quantity 
of  fluid.  The  cephalin  (1  per  cent  except  when  otherwise  stated)  was 
then  introduced  with  a  fresh  pipette  and  soon  after  the  serum  or  the 
Ca  (OH)j,  when  used.  The  introduction  of  the  different  constituents 
into  the  tubes  was  done  as  quickly  as  possible  and  time  taken  at  the 
addition  of  the  cephalin  and  serum  or  cephalin  and  Ca  (OH),. 

Difficulties  were  first  experienced  in  obtaining  a  good  supply  of 
easily  available  plasma  free  from  any  large  excess  of  anticoagulant. 
The  dialyzing  of  the  plasma,  particularly  in  the  presence  of  a  large 
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excess  of  oxalate,  did  not  give  an  absolutely  oxalate  free  plasma.  The 
use  of  fresh  blood  drawn  from  an  animal  with  a  paraffined  syringe  into 
paraffin  coated  containers,  as  suggested  by  Morawits  and  Bierich,  was 
first  tried  but  this  could  not  supply  a  material  easily  available  at  all 
times.  It  was  therefore  decided  to  find  out  just  what  concentration  of 
sodium  oxalate  or  sodium  citrate  was  necessary  to  prevent  the  clot- 
ting of  the  blood,  without  any  large  excess  of  the  salt  being  present  in 
the  plasma. 

TABLE  I 

Tht  of  tot  of  th»  eoneontratton  of  the  anticoagulant  upon  tht  clotting  of  Korot  blood 

Reading  taken  after  48  hour* 


Sodium  oxalate 


Sodium  citrate.  . 


0.06 

0.01 

0.10 

0.02 

0.15 

0.03 

0  20 

0.04 

0.25 

0.05 

0  30 

0.06 

0.35 

0.07 

0.40 

0.08 

0.50 

0.10 

0.50 

0.10 

1.00 

0.30 

1.25 

0.35 

1.60 

0.30 

1.75 

0.35 

2.00 

0.40 

'  None  fint  day;  coagulation  begin!  only,  after  the  first  30  to  25  bourt 

Five  hundred  cubic  centimeter  quantities  of  horse  blood  were  drawn 
into  sterile  bottles  containing  different  quantities  of  sodium  oxalate  or 
sodium  citrate  and  the  clotting  of  the  blood  noted;  the  data  are  pre- 
sented in  table  1. 

It  is  thus  seen  from  the  above  table  that  0.00  per  cent  of  sodium 
oxalate  or  0.2  to  0.25  per  cent  of  sodium  citrate  in  necctwary  to  prevent 
the  clotting  of  the  blood  and  keep  it  undo t ted  for  at  least  several  days, 
particularly  when  the  plasma  is  kept  in  the  ice  chest,  thus  supplying 
an  easily  available  material  without  any  of  the  difficulties  experienced 
in  the  process  of  dialyiing  the  blood  or  the  peptone  bleeding,  as  used 
by  Howell,  and  not  introducing  a  large  excess  of  anticoagulant. 


d  by  Google 


THROMBOPLASTIC   ACTION    OP   CEPHALIN 


379 


By  comparing  the  oxalated  and  the  citrated  plasma  for  the  testing 
of  the  thromboplastic  activities  of  the  cephalin,  the  results  obtained 
with  citrated  plasma  were  more  definite  and  the  action  of  the  cephalin 
more  pronounced,  due  to  the  fact  that  the  excess  of  citrate  still  present 
in  the  plasma  was  more  easily  neutralized  by  the  calcium  introduced 
than  the  excess  of  the  oxalate. 

To  standardize  the  method  still  further  and  perhaps  throw  some 
light  upon  the  nature  of  the  action  of  cephalin,  it  was  decided  to  sub- 
stitute in  place  of  a  fresh  normal  serum  a  standard  solution  of  calcium 
hydroxide.  As  was  shown  above,  some  authors  claim  that  the  throm- 
boplastic action  of  cephalin  consists  in  activating  the  prothrombin 
present  in  the  fresh  serum  and  in  the  plasma.  But  in  the  absence  of 
any  fresh  serum,  the  action  of  cephalin  will  have  to  be  directed  only 
toward  neutralizing  the  antithrombin  or  inactivating  the  prothrombin 

TABLE  3 
The  use  offrtthly  drawn  blood 


of  the  plasma  alone,  if  a  sufficient  amount  of  calcium  is  present  to 
neutralize  the  excess  of  anticoagulant  Hurwitz  (10)  emphasizes  the 
fact  that  only  fresh  serum  should  be  used;  on  standing  a  few  days  the 
thrombin  of  the  serum  is  converted  into  an  inactive  form — meta- 
thrombin — so  that  old  serum  contains  less  thrombin  and  more  anti- 
thrombin. Rich  (11)  has  recently  shown  that  metathrombin  is  a 
thrombin-anttthrombin  compound  and  is  readily  formed  in  solutions 
containing  both  thrombin  and  antithrombin. 

The  whole  blood  was  used  only  in  a  few  preliminary  experiments, 
one  of  which  is  reported  in  table  2,  and  since  the  plasma  containing 
the  citrate  or  oxalate  was  found  to  be  preferable,  the  latter  has  been 
used  in  all  the  other  experiments. 

The  effect  of  the  thromboplastic  substance  is  well  shown  in  the 
above  table;  even  as  low  a  concentration  as  0.002  per  cent  stimulated 
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the  coagulation  of  the  blood;  and  increase  in  concentration  resulted  i 
an  increase  in  the  rapidity  of  coagulation. 


Th»  inflate*  of  th»  amount  of  anticoagulant  pr—ni  ti 
of  ciphoiin 


*  plaMut  upon  Itn  action 


O^J„ 

™»»  ^—.l—. 

IWbhn. 

cht  fat—aw 

CtaM 

<M*m*» 

pwml 

*•*• 

MftM*M 

— — 

0.2 

3 

240 

ft 

0.2 

6 

80 

4 

0.2 

10 

14 

3 

0.3 

3 

720 

13 

o.s 

0 

120 

8 

o.s 

10 

10 

4 

0.4 

0 

2*0 

46 

0.4 

10 

00 

15 

O.S 

0 

Morethsa4S 

120 

O.S 

10 

Imperfect 
clot  in  24 

40 

0.07 

3 

24  bout* 

0 

0.07 

0 

15  hours 

S 

0.07 

10 

Show* 

5 

0.1 

3 

Imperfect 
clot   1b    23 

48 

bona 

0.1 

10 

8    bours,    20 

minut*« 

23 

The  results  presented  in  table  3  clearly  demonstrate  the  fact  that 
the  concentration  of  the  anticoagulant  has  a  decided  effect  upon  the 
action  of  the  cepbalin,  as  a  larger  amount  of  serum  has  to  be  added 
to  compensate  for  the  presence  of  the  excess  of  anticoagulant.  This 
would  tend  to  indicate  that  the  addition  of  serum  is  not  only  for  the 
purpose  of  supplying  an  inactive  thrombin  to  the  plaama-cephalin 
mixture  but  also  in  supplying  a  substance  which  neutralises  the 
anticoagulant. 
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To  obtain  further  information  on  the  possible  r61e  of  the  serum 
in  neutralizing  the  anticoagulant  of  the  plasma,  a  saturated  solution 
of  calcium  hydroxide  was  substituted  in  place  of  serum. 

The  relative  quantities  of  anticoagulant  and  calcium  are  found  to 
have  an  important  bearing  upon  the  rapidity  of  coagulation.  This 
confirms  the  observations  made  in  table  3  that  the  calcium  part  of  the 


The  neutralization  of  the  * 


TABLE  4 

anticoagulant  it 


pianino,  by  calcium  hydroxidt* 


CtraiLH  moil  o 

ft  BMUH. 

8o«« 

C.(OH)i 

Clot  (armed  in 

minui™ 

Control 

Ceplwlin 

ptroml 

*0|» 

0.20 

3 

30 

6 

0.25 

3 

74 

9 

Sodium  citrate 

0.27 

3 

170 

29 

0.30 

3 

300 

48 

0.35 

3 

430 

62 

1 

0.06 

3 

300 

20 

Sodium  oxalate { 

0.07 

3 

380 

30 

I 

0.08 

3 

Over  four  days 

75 

0.2 

1 

62 

8 

0.2 

2 

44 

7 

0.2 

3 

26 

6 

Sodium  citrate * 

0.2 
0.2 

4 

5 

37 
72 

7 

n 

0.2 

6 

117 

8 

0.2 

7 

9 

0.2 

8 

18 

*  The  calcium  hydroxide  solution  used  in  this  as  well  aa  in  tho  following  ex- 
periments was  obtained  by  shaking  some  C.  P.  calcium  hydrate  with  distilled 
water  for  five  minutes,  and  then  filtering. 

serum  neutralises  the  anticoagulant,  but  this  seems  to  be  not  the  only 
function  of  the  serum:  while  an  increase  in  concentration  of  the  serum 
always  results  in  a  more  rapid  coagulation,  the  same  thing  does  not  hold 
true  with  the  calcium  hydroxide.  A  further  increase  in  concentration 
of  calcium  hydroxide,  above  the  optimum,  results  in  a  delay  in  the 
rapidity  of  coagulation;  this  bears  out  the  observations  of  Addis  (12) 
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and  Morawitz  (13)  that  an  excess  of  calcium  may  delay  the  coagula- 
tion of  the  blood.  The  more  rapid  coagulation  resulting  from  an 
increase  in  the  concentration  of  the  serum  may  be  therefore  explained 
by  the  assumption  that  the  calcium  optimum  has  not  been  yet  intro- 
duced with  the  smaller  concentration  of  the  serum  or,  what  seems  to 
be  more  probable,  an  increased  amount  of  serum  will  introduce  a  larger 
amount  of  prothrombin  which,  after  it  has  been  activated  by  the 
cephalin  or  after  the  antithrombin  has  been  neutralized  by  the  cephalin, 
is  converted  into  thrombin,  which  will  act  upon  the  fibrinogen  of  the 
plasma. 

TABLE  • 
Th»  *ff*ct  of  JA*  concentration  of  ctphatin  in  acctUrntino  Iht  dotting  of  btood  pla*m* 


It  was  next  thought  advisable  to  study  the  effect  of  the  concentra- 
tion of  cephalin  upon  its  thromboplastic  activities.  A  fresh  lot  of 
cephalin  prepared  from  ox  brain  was  dissolved  in  water  so  as  to  make 
up  different  concentrations.  Horse  blood  plasma  containing  0.2  per 
cent  sodium  citrate  was  distributed  in  tubes  in  the  usual  manner,  five- 
drops  of  fresh  horse  serum  and  five  drops  of  the  different  concentrations 
of  cephalin  were  added  to  these;  to  another  series  of  tubes  three  drops 
of  calcium  hydroxide  solution  were  added  in  place  of  the  serum;  to  a 
third  set  of  tubes  a  1  per  cent  ether  solution  of  cephalin  was  added. 

Several  interesting  observations  can  be  made  from  the  above  table. 
First  of  all  the  amount  of  a  1  per  cent  ether  solution  of  cephalin  does 
not  seem  to  play  any  appreciable  rdle  in  the  rapidity  of  coagulation. 
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It  looks  aa  if  enough  cephalin  has  been  introduced  with  one  drop  of 
the  particular  ether  solution  to  produce  the  coagulation;  the  further 
increase  may  therefore  not  have  any  appreciable  effect  upon  the 
rapidity  of  coagulation  or  may  even  retard  it,  perhaps  by  keeping  the 
cephalin  in  the  ether  solution  and  not  allowing  it  to  act  upon  the  mix- 
ture of  serum  and  plasma.  In  the  case  of  the  water  solution  of  cephalin 
there  does  not  seem  to  be  any  difference  between  a  1.0  per  cent  solution 
and  a  0.3  per  cent  solution,  while  in  the  case  of  the  calcium  hydroxide 
the  rapidity  of  coagulation  of  mixtures  to  which  five  drops  of  a  1.0 
per  cent  and  a  0.2  per  cent  cephalin  solution  were  added  was  the  same; 


T  AB  LE  t 
The  effect  of  concentration  of  cephalin  upon  the  rapidity  of  cloUxng  of  plasma 
Ten  drops  of  plasma  containing 0.28  per  cent  sodium  citrate;  3  drops  calcium 
hydroxide  solution,  1  per  cent  cephalin  solution. 


Cephalin  drops 

Distilled  water  drops 

Clot  formation  in  minutes . . 


2  3  4  5  6 
8  7  6  5  4 
18  15   14   10     9 


TAB  LE 7 

The  afflict  of  concentration  of  cephalin  upon  the  rapidity  of  clotting  of  plasma 
Ten  drops  of  plasma  containing  0.25  per  cent  sodium  citrate,  6  drops  of  fresh 
horse  serum;  5  drops  of  fresh  oephalin  solution 


Per  cent 

Clot  formation  i 
utes 


0.50.250.200.15 


0.100. 050. 040. 030. 020. 1 
12     16 


the  further  dilution  gave  in  both  cases  a  delayed  coagulation.  The  con- 
clusion made  from  this  experiment  would  be  that  the  concentration  of 
the  cephalin  is  not  of  great  importance  in  the  process  of  coagulation,  if 
it  does  not  fall  below  a  certain  concentration.  Above  that  an  increase 
in  the  concentration  of  the  cephalin  will  not  result  in  any  further 
increase  in  the  rapidity  of  coagulation,  while  a  decrease  in  concentra- 
tion will  result  in  a  decrease  in  the  rapidity  of  coagulation.  This  con- 
centration seems  to  fall  between  0.25  and  0.30  per  cent  of  cephalin 
solution  in  water  of  the  particular  lots  tested  when  five  drops  of  the 
solution  and  ten  drops  of  plasma  were  used. 
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To  obtain  further  information  on  this  optimum  concentration  of 
eephalin  and  also  on  the  time-concentration  curve,  the  same  experi- 
ment was  repeated  using  lower  dilutions  of  eephalin  than  in  table  5. 
The  data  obtained  by  the  use  of  an  old  lot  of  eephalin  and  three  drops 
of  calcium  hydroxide  are  given  in  table  6;  the  use  of  very  low  dilutions 
and  a  fresh  lot  of  eephalin  are  given  in  table  7. 

The  data  presented  in  tables  6  and  7  confirm  the  previous  observa- 
tions.    The  rapidity  of  clotting  does  not  decrease  appreciably  down 


- 

1 

J 

i 

jo 

T 

. 

3 

t 

1 

Fii  I 


The  effects  of  con  rent  ratio 


i  of  ccphslii 


upon  the  rapidity  of  cloilinf  of 


to  a  concent  ration  of  0.25  per  cent  of  eephalin  in  water;  on  a  further 
decrease  in  concentration  the  time  of  clotting  rapidly  increases. 

Figure  1  Knows  the  relation  between  the  concentration  of  eephalin 
and  the  clotting  time  of  the  plasma:  the  data  given  in  table  7  were 
lifted  in  plotting  out  the  curve. 

McLean  1K1  has  shown  that  the  thmmhoplastic  action  of  eephalin 
deteriorates  with  age,  piirlieulurly  on  exposure  to  air  and  to  light,  as 
indicated  by  it*  f -unguis ting  power  ami  iodine  absorption  number. 
These  oliMTviilioiix  were  rc|>catcd  in  order  lo  devise  a  method  of  keen- 
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ing  the  cephalin,  especially  when  prepared  in  large  quantities  for  the 
market,  with  the  least  deterioration  of  the  materia).  The  advisability 
of  keeping  the  cephalin  in  the  dark  and  in  vacuated,  sealed-off  con- 
tainers at  once  suggested  itself.  The  vacuated  cephalin  samples  used 
for  this  experiment  were  kept  only  in  a  partial  vacuum,  at  about  twenty- 
eight  inches  obtained  by  the  use  of  the  water  pump.  The  results  con- 
firm fully  McLean's  observations;  even  an  imperfect  vacuum  proved 
to  be  very  favorable  to  the  keeping  properties  of  cephalin. 

The  exposure  of  the  cephalin  to  the  air  seems  to  have  an  appreciable 
effect  in  lowering  its  thromboplastic  properties.  The  vacuum-kept 
cephalin  was  in  all  instances  superior  to  the  lots  exposed  to  the  air. 
No  doubt  there  are  slight  differences  in  the  thromboplastic  properties 
of  the  different  cephalin  preparations  even  when  prepared  from  the 
brain  of  one  particular  animal,  probably  due  to  the  fact  that  since  the 
cephalin  is  not  chemically  pure,  the  impurities  and  the  method  of 
preparation  may  have  a  slight  bearing  upon  it  The  cephalin  prepared 
from  the  brains  of  the  ox,  sheep  and  pig  does  not  differ  greatly  in  its 
thromboplastic  activities  and  the  differences  that  do  exist  may  be  due 
to  the'  slight  differences  in  age  of  the  preparations  and  in  the  method 
of  keeping,  either  exposed  to  the  air  or  evacuated,  rather  than  to  their 
origin. 

The  observations  of  McLean  (8)  are  hereby  confirmed:  cephalin 
kept  in  loosely  stoppered  containers,  in  the  presence  of  air,  will  deterio- 
rate but  this  deterioration  will  be  found  by  the  method  used  in  the 
previous  experiments  only  when  the  cephalin  is  several  months  old. 
It  was  important  to  find  out  next  how  quickly  a  cephalin  water  solu- 
tion will  deteriorate. 

One  per  cent  solutions  of  different  cephalin  preparations  were  made 
up  and  allowed  to  stand  in  loosely  stoppered  glass  containers  at  room 
temperature.  At  the  end  of  forty-eight  hours  and  seven  days  this 
solution  was  compared  with  a  freshly  prepared  solution  of  the  same 
lot  of  cephalin,  using  horse  plasma  containing  0.25  per  cent  sodium 
citrate,  5  drops  of  fresh  horse  serum,  3  drops  of  calcium  hydroxide 
solution  and  5  drops  of  the  cephalin  solution. 

The  activity  of  cephalin  seems  to  diminish  rapidly  when  kept  in  a 
water  solution  for  any  length  of  time.  This  is  particularly  true  with 
an  old  lot  of  cephalin  kept  under  unfavorable  conditions.  The  fact 
was  observed  a  number  of  times  that  fresh  cephalin  preparations  which 
had  a  strong  thromboplastic  power  deteriorated  only  very  slowly  in 
solution  and  often  no  deterioration  was  found  in  solutions  forty-eight 
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TABIC! 

Tilt  inf.umct  of  <tg*  of  c*phalin  and  mtthod  of  kttping  upon  it*  tkrombupiaihc 
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hours  old,  while  in  old  lots  of  cephalin  which  exerted  a  relatively  low 
thromboplastic  aetion  when  kept  in  solution  for  only  twenty-four  to 
forty-eight  hours,  deterioration  set  in  rapidly.  Different  cephalin 
preparations  were  kept  in  a  water  solution  for  over  two  weeks  and  tested 
every  once  in  a  while  for  their  thromboplastic  action;  it  was  found  that 
a  deterioration  set  in  only  in  the  first  few  hours,  but  later  the  deterio- 
ration is  less  noticeable  and,  although  weaker  in  their  action  than  the 
freshly  prepared  solutions,  they  still  exerted  a  marked  effect  in  acceler- 
ating the  coagulation  of  the  blood. 

table « 
The  influence  of  age  of  cephalin  solution  upon  its  thromboplastic  proportion 
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20  imperfect  olot 

All  the  previous  tests  were  conducted  at  room  temperature.  To 
study  the  effect  of  temperature  upon  the  action  of  cephalin,  particularly 
since  its  action  upon  the  blood  of  animals  would  take  place  at  the 
temperature  of  the  body,  two  sets  of  tests  were  conducted  at  room 
and  incubator  (37°)  temperature. 

The  effect  of  a  higher  temperature  is  thus  found  to  be  very  beneficial 
in  the  process  of  coagulation  of  the  blood  by  the  use  of  cephalin.  Since 
the  phenomenon  of  coagulation,  furthered  by  the  introduction  of 
cephalin,  whether  it  consists  in  the  neutralization  of  the  antithrombin 
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or  in  stimulating  the  production  of  thrombin,  is  an  enzyme  phenom- 
enon, we  would  expect  that  the  action  will  take  place  more  rapidly  at 
a  higher  temperature. 

The  question  of  the  nature  of  cephalin  action  and  the  part  played  by 
the  presence  of  scrum,  in  addition  to  the  plasma  and  cephalin,  is  an 
interesting  one.  According  to  Howell's  theory,  the  cephalin  neutral* 
izes  the  antithrombin  thus  allowing  the  calcium  to  activate  the  pro- 
thrombin and  convert  it  into  thrombin  which  acts  upon  the  fibrinogen 
of  the  blood.  The  Ca  (OH)t  added  will  therefore  neutralise  the  excess 
of  citrate  or  oxalate  present  and  allow  the  prothrombin  of  the  plasma 
which  became  free  to  be  converted  into  thrombin  and  after  the  cephalin 
acted  upon  the  antithrombin  and  neutralised  it,  to  act  upon  the  fibrin- 
ogen and  convert  it  into  fibrin.     The  addition  of  aerum  to  the  plasma 
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of  Ca  (OH)i  and  2  drops  water.  S  drops  of  froth  cephalin  (from  ox  brain)  in 
different  oonoentrsUona  in  water. 
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should  therefore  increase  the  amount  of  available  prothrombin  and 
allow  the  plasma  to  coagulate  more  rapidly,  but  this  did  not  hold  true 
in  many  canes,  as  seen  in  the  previous  experiments,  where  the  plasma 
was  coagulated  almost  as  rapidly,  if  not  more  rapidly,  in  many  in- 
stances, when  Ca  (OH)t  was  added  in  place  of  wrum. 

In  the  following  experiments  a  fresh  1  per  cent  solution  of  cephalin 
was  used  for  the  study  of  the  action  of  cephalin  upon  plasma,  in  the 
absence  and  in  the  presence  of  serum. 

The  calcium  hydroxide  seems  to  act  upon  the  plasma  only  by  neu- 
tralizing the  excess  of  citrate,  thus  allowing  the  prothrombin  in  the 
plasma  to  l>e  converted  into  the  thrombin  which  acts  upon  the  plasma 
ami  coagulates  it;  it  seems  to  play  no  further  role  in  the  process  of 
coagulation.  A  further  increase  in  the  concentration  of  the  calcium 
above  the  amount  necessary  for  the  neutralization  of  the  excess  of 
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citrate  is  unnecessary,  as  is  seen  from  table  12  where,  in  the  presence 
of  three  drops  of  cephalin,  three  drops  of  Ca  (OB)>  exerted  no  more 
action  than  one  drop,  two  drops  of  the  solution  used  seem  to  be  enough 
to  just  neutralise  the  excess  of  citrate  and  allow  the  cephalin  to  act 
upon  the  plasma.  A  further  increase  in  the  concentration  of  the 
calcium  delays  the  action  of  the  cephalin,  as  brought  out  in  tables  4 
and  12.  This  deleterious  action  of  the  excess  of  calcium  can  be  neu- 
tralised by  the  addition  of  serum;  the  excess  of  free  calcium  probably 
combines  with  the  proteins  or  salts  of  the  serum,  thus  allowing  the 
clotting  to  proceed  in  a  normal  manner. 

table  u 
Tha  influence  of  cephalin  and  strum  upon  the  clotting  of  blood  plaema 
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In  adding  serum  to  the  plasma  we  seem  to  be  introducing  two  dif- 
ferent factors,  one,  probably  the  action  of  the  calcium  of  the  serum 
upon  the  excess  of  citrate  of  the  plasma,  and  the  other,  exerting  by 
itself  a  thromboplastic  action  upon  the  fibrinogen  of  the  plasma,  either 
supplying  more  prothrombin,  which  becomes  active  after  the  anti- 
thrombin  has  been  neutralized  and  which  is  converted  into  thrombin 
due  to  the  action  of  cephalin,  or  perhaps  due  to  some  other  cause.  That 
the  action  of  serum  is  due  to  more  than  one  factor  is  clearly  seen  from 
the  fact  that,  by  increasing  the  amount  of  serum,  we  increase  the 
rapidity  of  coagulation.  If  the  serum  acted  only  by  its  calcium  content 
there  should  be  a  maximum  reached,  above  which  a  further  addition 
of  the  serum  would  be  without  any  effect;  but  as  observed  in  table  11, 
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the  increased  addition  of  serum  in  the  absence  of  cephalin  to  the  p 
gradually  increased  the  rapidity  of  coagulation  while,  where  cephalin 
has  been  added,  the  further  increase  of  serum  above  a  certain  concen- 
tration does  not  increase,  or  only  to  a  very  small  extent,  the  rapidity 


The  inflvonco  of  eophali 
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of  coagulation.  This  would  indicate  that  the  serum,  besides  the  intro- 
duction of  calcium,  also  introduces  small  amounts  of  prothrombin, 
which  although  the  antithromhui  has  not  been  neutralised,  is  able  to 
act  in  increasing  amount*  upon  the  fibrinogen  of  the  plasma.  When 
an  oxcess  of  cephalin  is  introduced,  enough  thrombin  is  formed  or 
lilieratcd  to  produce  an  optimum  action  upon  the  fibrinogen,  and  a 
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further  addition  of  serum  above  that  is  necessary  for  the  neutraliza- 
tion of  the  anticoagulant  and  the  necessary  prothrombin  or  prothrom- 
bin-anti  thrombin  compound,  will  not  result  in  any  further  acceleration 
of  the  clotting. 

The  addition  of  cephalin  solution  to  the  plasma  containing  0.25 
per  cent  sodium  citrate,  without  the  addition  of  any  free  calcium  con- 
taining substance,  also  affects  the  rapidity  of  coagulation;  so,  for 
example,  when  one  drop  of  1  per  cent  cephalin  solution  was  added  to 
ten  drops  of  plasma,  a  clot  was  formed  in  thirty  minutes;  when  five 
drops  of  cephalin  were  added,  a  clot  was  formed  in  twelve  minutes  and 
so  on,  although  in  certain  instances,  as  seen  in  table  12,-  only  an  imper- 
fect clot  was  formed.  This  would  tend  to  indicate  that  the  cephalin  is 
able  to  stimulate  the  clotting  of  the  blood,  even  without  any  excess  of 
calcium  salts  and  in  the  presence  of  a  slight  quantity  of  anticoagulant 
(sodium  citrate);  this  would  be  in  direct  opposition  to  the  well  ac- 
cepted theory  of  the  necessity  of  calcium  salts  for  the  process  of  coagu- 
lation of  the  blood.  The  only  explanation  that  could  be  suggested  at 
present  would  be  that  whether  due  to  the  presence  of  cephalin  or  not, 
the  calcium  citrate  is  ionized  in  the  plasma-cephalin-water  mixture 
and  the  calcium  ions  play  their  part  in  the  process  of  coagulation,  which 
is  therefore  accelerated;  upon  the  addition  of  only  a  small  quantity  of 
calcium  the  coagulation  takes  place  much  more  rapidly.  The  excess 
of  soluble  oxalate,  the  calcium  salt  of  which  is  much  less  soluble  than 
the  citrate,  will  not  allow  this  action  to  take  place  so  readily. 

The  presence  in  the  mixture  of  Ca-iona,  citrate-ions  and  prothrombin 
would  act,  according  to  the  mass  law,  in  the  following  manner:  in 
the  presence  of  a  large  excess  of  the  citrate  ions,  all  the  calcium  will  be 
precipitated  as  calcium  citrate;  in  the  presence  of  only  a  very  small 
excess  of  citrate  ions,  the  prothrombin  of  the  plasma  will  then  be  able 
to  combine  with  some  of  the  Ca-iona  and  produce  thrombin.  This  can 
be  represented  by  the  following  formulae: 

Prothrombin  excess  «—  Ca  ions  —*  Citrate  ions  excess. 

That  this  holds  true  is  also  seen  from  the  behavior  of  the  oxalate  in 
the  plasma.  When  the  coagulation  of  the  plasma  is  prevented  by  the 
use  of  a  soluble  oxalate,  the  calcium  will  be  precipitated  out  to  a  much 
greater  extent,  since  the  oxalate  ions  have  a  much  greater  affinity  for 
the  Ca-ions  than  do  the  citrate  ions. 

The  data  in  table  13  will  throw  some  light  upon  the  nature  of  the 
changes  that  take  place  in  old  serum;  while  three  drops  of  fresh  serum 
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will  clot  t«D  drops  of  plasma  in  eighty-nine  minutes  and  in  the  presence 
of  two  drops  of  cephalin  in  nine  minutes,  three  drops  of  old  serum  will 
only  clot  the  plasma  in  twenty-four  hours,  but  in  the  presence  of 
cephalin  in  ten  minutes;  the  same  relation  holds  true  with  the  larger 
amount  of  old  serum.  This  deficiency  in  the  old  serum  can  be  cor- 
rected by  the  addition  of  Ca  (OH)*,  showing  that  the  change  that  has 
taken  place  in  the  serum  might  have  had  something  to  do  with  the 
calcium  transformation  in  the  serum.  The  old  serum  has  no  dele- 
terious effect  upon  the  fresh  serum,  it  has  even  a  stimulating  effect: 

TABLE  II 

Tk*  action  of  old  mtwh  upon  tho  clotting  of  thi  blood 
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while  three  drops  of  fresh  serum,  in  the  presence  of  cephalin,  produced 
a  clot  in  nine  minutes  and  five  drops  in  seven  minutes,  upon  the  addi- 
tion of  three  drops  of  old  serum  to  these  the  clot  was  produced  in 
six  and  one-half  minutes.  Since,  according  to  Hurwiti,  the  thrombin 
is  changed  in  old  serum  to  metathrombin,  it  is  possible  that  the  serum 
has  not  become  yet  old  enough  for  all  the  thrombin  to  change  into 
another  form. 

The  presence  of  both  calcium  and  serum  accelerate  coagulation; 
these  act  in  a  manner  similar  to  a  large  amount  of  serum. 
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The  function  of  cephalin  consists  therefore  in  neutralizing  the  anti- 
thrombin  of  the  normal  blood,  according  to  Howell's  theory;  the  in- 
creased rapidity  of  coagulation  in  the  presence  of  calcium  salts  or  fresh 
serum  is  due  to  the  fact  that  calcium  is,  as  is  generally  accepted,  an 
important  factor  in  the  process  of  the  coagulation  of  the  blood;  the 
action  of  the  serum  consists  then  both  in  supplying  calcium  to 
the  plasma-cephalin  mixture  and  in  supplying  a  larger  amount  of 
prothrombin. 

A  detailed  study  of  clinical  uses  of  cephalin  will  be  published  else- 
where ;  a  large  number  of  clinical  observations  on  the  use  of  cephalin 
has  accumulated  tending  to  show  the  great  value  of  cephalin  in  quickly 
arresting  hemorrhages  from  bone,  kidney,  muscle  and  other  tissue 
surfaces,  as  well  as  to  the  bleeding  wounds  of  hemophiliacs. 

table  u 

The  action  of  cephalin  game  upon  the  rapidity  of  clotting  of  blood  plasma 
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In  view  of  the  fact  that  cephalin  in  water  solution  rapidly  deterio- 
rates and  also  since  it  is  usually  necessary  to  have  it  in  a  sterile  form, 
a  method  was  worked  out1  by  which  surgical  gauze  is  soaked  in  an 
ether  solution  of  cephalin  for  a  certain  definite  period  of  time;  the 
ether  is  allowed  to  evaporate  and  the  gauze  impregnated  with  cephalin 
is  packed  in  suitable  containers  and  sterilised.  It  is  not  here  the 
place  to  give  the  details  of  the  methods  and  use  of  this  marketable 
preparation;  mention  will  only  be  made  of  the  effectivity  of  this  gauze, 
both  kept  in  a  vacuum  and  in  an  open  container,  in  coagulating  blood. 

The  same  method  as  outlined  above  was  used;  the  gauze  used  in 
this  experiment  was  kept  for  about  half  a  minute  in  a  5  per  cent  ether 
solution  of  cephalin;  the  gauze  was  sterilized  in  the  autoclave  at  fifteen 
pounds  pressure  for  half  an  hour.  Three  cubic  centimeters  of  horse 
plasma  containing  0.25  per  cent  sodium  citrate  were  introduced  into 
the  glass  containers,  three  drops  of  Ca  (OH)»,five  dropsof  distilled  water 
and  about  one-half  square  inch  of  the  gauze  finely  cut  were  added  to 
that.    The  data  are  given  in  table  14. 

1  Also  suggested  by  Cecil  (14). 
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It  is  thus  seen  that  the  ceplialin-iinpregnated  aurgicsJ  gauss  exerts 
the  same  thromboplsstic  action  as  the  cephalin  itself  and  although  in 
this  case  the  differences  are  not  so  striking  as  in  the  case  of  the  latter, 
we  can  explain  it  by  the  fact  that  cephalin  acts  in  solution  and  it  takes 
a  few  minutes  before  the  cephalin  from  the  gauze  becomes  dissolved  in 
the  blood  fluid. 

BUlfMABT 

1.  In  testing  the  thromboplastic  action  of  cephalin  the  method  of 
Howell  has  been  adopted  with  the  following  modifications: 

a.  Blood  plasma  containing  0.2  per  cent  to  0.25  per  cent  of  sodium 
citrate  was  found  to  be  well  suited  for  these  tests. 

0.  A  standard  solution  of  Ca  (OH)i  can  be  substituted  for  serum, 
thus  eliminating  one  or  more  unknown  factors. 

2.  The  function  of  the  serum  in  the  plasma-serum-cephalin  mixture 
consists  in  supplying  the  calcium  necessary  for  neutralizing  the 
excess  of  anticoagulant  in  the  plasma  and  probably  in  supplying  more 
prothrombin. 

3.  By  using  Ca  (OH)i  to  neutralise  the  excess  of  anticoagulant  in 
the  plasma,  an  optimum  concentration  is  found;  above  which  the  excess 
of  calcium  will  delay  the  coagulation  of  the  plasma. 

4.  There  is  always  a  maximum  concentration  of  the  cephalin  in  the 
water  solution  which  gives  the  most  rapid  coagulation;  a  further  in- 
crease  in  the  concentration  of  the  cephalin  will  not  result  in  an  increase 
in  the  rapidity  of  coagulation;  by  decreasing  the  concentration  of  the 
cephalin  below  this  maximum  a  delay  in  the  coagulation  will  result. 
This  concentration  seems  to  fall  between  0.25  per  cent  and  0.30  per 
cent  for  the  lots  tested. 

5.  Cephalin  kept  in  a  vacuum  acts  much  better  as  a  thnnnboplastic 
agent  than  the  same  lot  of  cephalin  kept  in  loosely  stoppered  containers. 

6.  The  cephalin  obtained  from  the  brains  of  different  animals  does 
not  differ  greatly  as  a  thromboplastic  agent;  the  slight  differences 
obtained  were  probably  due  to  the  impurities  and  methods  of  keeping 
the  material. 

7.  Cephalin  dissolved  in  water  loses  to  some  extent  its  thrombo- 
plastic properties,  particularly  old  lots  of  cephalin  kept  exposed  to  the 
sir. 

8.  Since  coagulation  of  the  blood  is  an  enzymatic  phenomenon  it  is 
much  more  rapid  both  in  the  presence  and  in  the  absence  of  cephalin  at 
37"  than  st  room  temperature. 
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9.  Serum  seven  days  old  is  less  active  than  fresh  serum  in  accelerat- 
ing the  clotting  of  the  blood;  this  was  corrected,  with  the  method  used, 
by  the  addition  of  a  solution  of  Ca  (OH)»;  fresh  serum  is  not  depre- 
ciated in  its  action  upon  the  plasma-cephalin  mixture  by  the  presence 
of  old  serum  but  is  even  slightly  accelerated. 

10.  Surgical  gauze  impregnated  with  cephalin  was  also  tested  J>y  the 
above  method  and  found  to  increase  the  rapidity  of  the  coagulation  of 
the  plasma. 

The  writer  is  indebted  to  Mr.  L.  B.  Taber  and  Dr.  S.  H.  Hurwitz 
for  reading  the  manuscript. 
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The  investigation  reported  in  part  in  this  paper  is  an  attempt  to 
throw  additional  light  on  the  nature  of  the  influence  exerted  by  (he 
cerebrum  over  the  lower  nervous  centers  in  a  form,  the  domestic  fowl, 
in  which  the  importance  of  this  part  of  the  nervous  system  is  conspic- 
uously less  than  in  man.  That  birds  are  relatively  little  affected  by 
removal  of  all  that  part  of  the  cerebrum  in  front  of  the  optic  thalami  has 
long  been  known  (1).  The  standard  picture  of  the  decerebrate  pigeon  is 
too  familiar  to  call  for  detailed  repetition  here.  We  need  merely  recall 
that  locomotor  activities,  even  those  so  complex  as  the  act  of  flying, 
are  preserved  without  demonstrable  impairment  while  functions  clearly 
dependent  on  associative  memory  are  lost  or  seriously  affected. 

In  connection  with  a  consideration  of  the  process  of  acquirement  of 
various  complex  activities  during  the  early  life  of  the  individual,  it 
occurred  to  us  that  observations  of  decerebrate  young  birds  might 
afford  some  information  concerning  the  relative  parts  played  by  the 
cerebrum  and  the  tower  brain  centers  therein.  This  paper  deals  with 
the  behavior  of  the  forms  studied.  Subsequent  communications  will 
report  the  result*  of  anatomical  studies  and  observations  on   vision. 

Material.  Our  observations  were  made  upon  young  chicks.  Of 
these  the  first  lot,  seven  in  number,  were  hatched  under  a  hen,  February 
1  to  3,  1917.  The  second  lot  of  twenty-nine  were  incubator  hatched, 
March  I,  1917,  as  were  also  the  third  lot  of  six,  March  31,  1917.  All 
the  chicks  were  of  the  white  leghorn  breed.  We  had  no  difficulty  in 
maintaining  them  in  good  health.  Of  (he  entire  series  only  two,  both 
from  the  first  lot,  developed  any  characteristic  ailments.  These 
became  "droopy"  and  died  on  (he  sixth  and  seventh  days  respectively. 
A  feature  of  the  chick  that  makes  it  a  favorable  object  for  such  a  study 
as  this  is  the  presence  at  hatching  of  a  considerable  residue  of  yolk 
which  nourishes  the  bin)  during  (he  first  two  days. 
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Operative  Procedure.  The  operations  performed  were  as  follows: 
/.  "Standard"  decerebration.  In  this  operation  we  attempted  to 
repeat,  so  far  as  possible,  the  usual  procedure  for  preparing  decerebrate 
pigeons  for  class  demonstrations.  A  longitudinal  skin  incision  was 
made  along  the  median  line  of  the  skull;  then  with  stout  scissors  skull 
and  dura  were  cut  through  transversely  just  anterior  to  the  fronto- 
parietal suture.  This  cut  was  about  5  mm.  long,  approximately  half 
on  each  side  of  the  midline.  From  the  ends  of  this  first  cut  other  cuts 
were  made  forward  for  about  3  mm.  The  flap  of  bone  resulting  from 
these  cuts  was  lifted  and  the  tip  of  a  glass  tube  connecting  with  an 
aspirating  pump  was  inserted.  We  found  a  glass  tube  as  large  as 
could  be  passed  readily  through  the  opening  of  the  skull  (outside  diam- 
eter of  tip  4  mm.)  more  satisfactory  than  a  smaller  tube.  By  means  of 
this  tube  the  brain  substance  and  blood  were  sucked  out  of  the  cranial 
cavity.  By  watching  through  the  opening  and  taking  only  that  brain 
substance  which  came  freely,  the  desired  amount  was  obtained  in  every 
case.  The  hemorrhage  was  not  severe  and  no  fatalities  occurred  from 
this  operation.  Since  the  operation,  to  and  including  removal  of  the 
hemispheres,  occupied  only  about  five  seconds,  anesthesia  was  not 
employed. 

2.  "Deep"  decerebration.  In  this  procedure  we  attempted  to  remove, 
in  addition  to  the  mass  of  brain  substance  taken  in  the  "standard" 
operation,  a  small  additional  amount  from  the  thalamic  region.  After 
the  hemispheres  had  been  removed  in  the  manner  described  above,  the 
suction  tube  was  thrust  into  contact  with  the  brain  substance  still 
visible  on  the  floor  of  the  cranial  cavity  and  a  small  mass  withdrawn. 
As  variations  on  this  method  we  tried  cutting  away  a  small  slice  with 
fine  curved  scissors  or  with  a  sharp  bent  knife. 

3.  "Shallow"  decerebration.  In  birds  the  pallium  is  very  thin  and 
according  to  certain  investigators  (2)  has  less  importance  in  deter- 
mining the  nervous  activities  of  these  creatures  than  the  underlying 
corpora  striata.  We  attempted  to  remove  the  pallium  and  leave 
intact  the  corpora  striata  by  making  the  opening  through  the  skull 
with  great  care  so  as  to  avoid  injuring  parts  beneath,  using  a  much 
smaller  suction  tube  (2  mm.)  and  keeping  the  tube  always  parallel  to 
the  roof  of  the  skull  so  that  superficial  structures  might  be  withdrawn 
without  disturbing  deeper  ones. 

4-  Unilateral  decerebration.  As  the  name  implies,  this  consisted  in 
the  removal  of  only  one  or  the  other  hemisphere.  Except  in  the  case 
of  chicks  just  hatched,  ether  anesthesia  was  employed  during  this 


^Google 


398  E.   O.   MARTIN    AND   W.   H.   BICH 

operation.  We  obtained  unilateral  "standard"  decerebration  and 
also,  in  a  single  case,  unilateral  "deep"  decerebration.  The  procedure 
was  similar  to  that  described  above  except  that  the  skin  and  skull 
incisions  were  confined  to  the  side  of  the  midline  from  which  cerebral 
tissue  was  to  be  taken. 

5.  Ablation  of  the  cerebellum.  We  were  successful  in  one  of  two 
trials  in  removing  a  considerable  portion  of  the  cerebellum  of  a  new 
hatched  chick.  This  was  accomplished  by  suction  through  an  open- 
ing made  with  a  3  mm.  drill  through  the  parietal  bone  lateral  to  the 
midline.  The  operation  was  performed  without  anesthesia.  There 
was  more  hemorrhage  than  in  standard  decerebration  but  not  enough 
to  indicate  that  the  effects  observed  were  due  to  loss  of  blood. 

Care  of  the  docks.  Since  decerebrate  birds  do  not  feed  themselves 
successfully  nor  drink  spontaneously  a  technique  for  giving  the  chicks 
food  and  drink  had  to  be  adopted.  After  consultation  with  profes- 
sional poultry  breeders  and  considerable  experimentation  we  settled 
upon  the  following  ration.  Dry  bread  was  pulverised  in  a  mortar 
and  then  thoroughly  mixed  with  hard  boiled  egg,  shell  included,  in  the 
proportion  of  two  parts  bread  to  one  of  egg.  To  this  a  small  amount 
of  charcoal  and  some  finely  chopped  alfalfa  hay  were  added.  This 
mixture  was  dried  in  the  sun.  When  about  to  be  fed  a  sufficient  por- 
tion of  it  was  moistened  with  water  to  permit  it  to  be  formed  into  small 
pellets.  The  chicks  were  fed  by  holding  the  beak  open  and  inserting 
a  pellet  into  the  throat  whence  it  was  swallowed  as  soon  as  the  beak 
was  released.  In  addition  to  this  food  mixture  a  commercial  chick 
food  consisting  of  mixed  grains  and  seeds  chopped  fine,  was  admin- 
istered, together  with  a  small  amount  of  "grit."  The  average  feeding 
consisted  of  1.5  grams  of  the  food  mixture  and  1  to  4  grams  of  grain 
and  grit.  The  chicks  were  fed  twice  daily.  In  connection  with  each 
feeding  as  much  water  was  given  as  would  be  taken  without  appearance 
of  distress.  Usually  additional  water  was  given  at  intervals  during 
the  day.  A  fixed  rule  was  adopted  that  the  crop  must  he  empty  st 
least  once  daily.  If  it  was  found  to  contain  food  at  any  feeding  time 
only  water  was  administered.  The  amount  of  food  given  was  coo- 
trolled  by  weighing  each  chick  before  and  after  each  feeding. 

Behavior  of  young  normal  chick*.  Careful  studies  of  the  activities 
of  young  chicks  have  been  made  by  various  observers  (3),  (4),  (S),  (6). 
For  our  purposes  it  is  convenient  to  attempt  to  classify  the  activi- 
ties described  by  these  investigators  into  fairly  related  groups.  Four 
such  suggntt  themselves,    a.  Locomotor  activities.     By  these  we  mean 
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walking,  running,  flapping  of  wings,  jumping  up  into  a  support  or 
down  from  one,  balancing  on  a  narrow  perch,  craning  the  neck  down- 
ward from  a  perch  and  other  movements  obviously  allied  to  these. 
b.  Self  cleaning  activities,  including  preening  self,  scratching  self, 
wiping  bill.  c.  Feeding  activities.  Pecking  at  moving  and  stationary 
objects,  seizing  and  swallowing  food,  scratching  in  litter,  drinking. 
d.  Miscellaneous  activities  apparently  of  a  higher  order:  tendency  to  run 
to  moving  objects,  including  other  chicks;  tendency  to  seek  solitude 
when  in  possession  of  a  large  tidbit;  tendency  to  attempt  to  seize  such 
a  tidbit  from  another  chick;  the  "fear  reaction"  (see  below);  the  mani- 
festation of  "wildness"  when  approached;  acts  apparently  based  on 
memory  such  as  the  deliberate  return  to  the  brooder  after  escaping 
from  it.  By  the  "fear  reaction"  we  mean  the  very  characteristic 
behavior  of  young  chicks,  described  by  Thorndike  (3)  and  others,  in 
response  to  strange  sounds  or  objects.  We  found  shrill  "trilling" 
admirably  adapted  for  eliciting  this  reaction.  In  our  experience  this 
sound  was  much  more  effective  than  the  "mew"  used  by  Thorndike. 
When  the  stimulus  is  given  the  chicks  dart  rapidly  in  various  direc- 
tions and  then  become  immobile,  remaining  so  for  some  time,  a  minute 
or  more  in  certain  cases.  The  attitude  during  immobility  is  often 
very  striking  Usually  the  chick  crouches  and  holds  the  head  in  the 
air,  with  neck  slightly  bent  so  that  one  eye  is  directed  toward  the  sky. 
Sometimes  immobility  overtakes  the  chick  in  an  unusual  situation. 
On  one  occasion  we  observed  a  chick  immobile  in  the  act  of  stepping 
over  the  rather  high  threshold  of  the  warm  chamber.  He  remained 
motionless  with  one  leg  outside  and  the  other  inside  for  fully  thirty 
seconds. 

The  time  of  appearance  of  the  various  activities  as  observed  by 
ourselves  and  reported  by  other  investigators  is  substantially  as  follows: 
The  activities  of  group  a,  locomotor  actions,  begin  to  appear  very  soon 
after  hatching.  Most  chicks  walk  and  Sap  their  wings  on  the  first 
day  and  run,  jump,  and  balance  well  by  the  second  or  third.  One 
gains  the  impression  from  watching  them  that  the  manifestion  of  activ- 
ities of  this  class  waits  on  the  attainment  of  sufficient  muscular  strength 
rather  than  on  any  particular  stage  of  brain  development.  In  other 
words,  one  is  tempted  to  conclude  that  the  nervous  mechanism  of 
locomotion  is  adequate  at  the  time  of  hatching  but  that  the  muscles 
do  not  attain  adequacy  for  some  hours  thereafter  (Thorndike,  p.  286). 

In  group  b  the  "preening"  reaction  is  first  to  appear,  being  shown 
by  chicks  only  a  few  hours  old.  Scratching  of  self  and  wiping  bill  are 
occasionally  seen  on  the  first  day  and  typically  on  the  second  or  third. 
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The  activities  of  group  c  seem  to  appear  in  fairly  definite  order. 
Most  chicks  follow  and  peck  at  small  moving  objects,  such  as  the  metal 
tip  of  a  pencil,  within  twelve  hours  of  hatching;  often  before  walking 
itself  is  well  performed.  Pecking  at  stationary  objects,  grains  or 
specks,  appears  almost  as  soon  in  some,  a  day  later  in  others.  A  few 
precocious  chicks  seise  and  swallow  grains  with  considerable  accuracy 
on  the  first  day.  Most  do  not  do  so  till  the  second  day  and  Breed 
(5)  reports  improvement  in  accuracy  of  seizing  up  to  the  third  day 
and  attainment  of  ultimate  accuracy  by  the  eleventh  day.  We  did 
not  make  quantitative  observations  on  accuracy  of  seising  but  noted 
that  most  of  our  chicks  were  obtaining  enough  food  on  the  second  day 
to  distend  their  crops. 

We  did  not  observe  definite  scratching  in  litter  till  the  third  day, 
although  we  noted  in  two  instances  on  the  second  day  what  appeared 
like  feeble  beginnings  of  the  action.  Drinking  is  learned  by  moat 
chicks  as  early  as  the  second  day,  and  chicks  will  make  characteristic 
movements,  lifting  head  and  swallowing,  within  twelve  hours  of  hatch- 
ing, if  the  bill  is  dipped  into  water. 

Some  of  the  activities  of  group  d  appear  early;  others  are  not  Been 
till  a  considerable  time  after  hatching.  We  observed  a  pronounced 
"fear  reaction"  on  the  second  day,  and  Morgan  (6)  cites  an  observer 
to  the  effect  that  a  type  of  fear  reaction  may  occur  in  certain  species 
of  birds  even  before  hatching.  The  tendency  to  run  toward  moving 
objects  is  clearly  manifest  by  the  third  day.  The  characteristic  dis- 
plays of  greediness,  snatching  at  food  in  other  chicks'  mouths  and 
attempting  to  prevent  this,  we  observed  first  on  the  twelfth  day. 
"Wildness"  is  said  by  Thorndike  (loc.  cit.,  p.  288)  to  develop  during 
the  first  month,  with  possible  beginnings  as  early  as  the  tenth  day. 
We  have  neen  it  well  developed  in  chicks  two  weeks  old. 

The  reaction  which  we  mentioned  above  as  suggesting  memory, 
namely  the  deliberate  return  (by  jumping  over  a  wooden  wall  one 
foot  high)  to  the  brooder  whence  escape  bad  been  made,  we  noted  first 
on  the  sixth  day.  Thereafter  the  chicks  jumped  out  and  in  with 
great  freedom. 

Behavior  of  "standard"  dtcrebratea.  For  purposes  of  description 
these  will  be  placed  in  series  according  to  age  after  hatching  at  which 
deoerebration  was  performed.  The  first  series  includes  four  chicks 
decerebrated  within  an  hour  or  so  after  hatching,  in  every  case  before 
becoming  dry.  In  the  second  series  are  four  chicks  decerebrated 
between  the  third  and  eighth  days.     The  third  series  consists  of  three 
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chicks  decerebrated  between  the  tenth  and  the  twenty-sixth  days. 
The  first  series  is  in  general  the  most  interesting  since  in  its  members 
the  cerebral  hemispheres  may  reasonably  be  supposed  not  to  have 
commenced  functioning  actively  at  the  time  they  were  removed.  The 
entire  nervous  development  of  these  chicks  might  be  said  to  have  ' 
occurred,  then,  independently  of  cerebral  influences. 

In  general  the  locomotor  activities  (group  a,  p.  398)  appear  to 
develop  in  these  early  decerebrates  as  rapidly  as  in  normals.  The 
"shock"  of  operation  seems  to  be  very  transitory.  In  two  to  four 
hours  after  it  is  performed  the  chicks  are  in  general  appearance  on  a 
par  with  normals  of  the  same  age.  Three  of  those  observed  by  us 
walked  well  before  the  end  of  the  first  day;  the  fourth  stood  unsteadily 
on  the  first  day  and  walked  well  on  the  second.  They  jumped,  napped 
their  wings,  and  perched  about  as  early  as  normals.  One  jumped  out 
of  a  chalk  box  on  the  third  day,  another  on  the  fifth,  and  another  on 
the  seventh.  We  had  the  impression  in  the  case  of  those  that  were 
slow  about  performing  this  feat  that  absence  of  stimulation  rather 
than  lack  of  ability  was  responsible.  The  decerebrates  placed  within 
the  chalk  box  tended  at  once  to  show  the  drowsiness  so  characteristic 
of  decerebrate  birds.  This  drowsiness  is  not  so  persistent  in  young 
decerebrates  as  in  older  ones  and  we  were  always  rewarded  at  one  time 
or  another  with  attempts  to  escape  from  the  box.  Some  of  the  decere- 
brates were  definitely  less  skilful  in  this  feat  than  any  normals  of  the 
same  age  but  the  difference  did  not  seem  to  us  sufficiently  marked  to 
be  undoubtedly  significant.  The  self-cleaning  activities  (group  6, 
p.  399)  are  also  as  prompt  in  appearance  in  these  decerebrates  as  in. 
normals.  They  preened  themselves  and  wiped  their  bills  on  the  first 
day  and  scratched  themselves  on  the  second. 

In  the  feeding  activities  (group  e,  p.  399)  the  first  striking  differences 
begin  to  appear.  Pecking  at  both  moving  and  stationary  objects  is 
established  by  the  second  day  but  the  actual  seizing  and  swallowing 
of  food,  activities  which,  in  normal  chicks,  follow  closely  upon  the 
commencement  of  pecking,  fail  to  progress  beyond  what  might  be 
called  the  accidental  stage.  If  one  of  these  chicks  is  placed  on  a  table 
on  which  grains  are  scattered  it  pecks  frequently  although  rather 
aimlessly.  At  rare  intervals  a  grain  is  taken  into  the  beak.  A  normal 
chick,  after  the  third  day,  frequently  mouths  grains  that  are  seized 
and  works  them  back  into  a  position  whence  they  can  be  swallowed. 
We  have  not  seen  standard  decerebrates  do  this.  Apparently  any 
grains  that  are  swallowed  are  such  as  in  the  act  of  seizing  happen  to 
strike  far  enough  back  in  the  mouth  to  evoke  the  swallowing  reflex. 
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Scratching  on  the  floor  of  the  brooder  or  in  litter  was  first  seen  in  a 
chick  of  this  group  on  the  sixteenth  day.  In  normal  chicks  as  prev- 
iously noted,  scratching  is  well  established  by  the  third  day.  These 
decerebrates  appear  to  scratch  in  much  the  same  manner  as  do 
normals,  although  they  show  even  lees  discrimination  than  the  lat- 
ter in  the  selection  of  spots  where  the  act  might  have  some  degree 
of  utility,  They  are  by  no  means  so  persistent  in  scratching  as  are 
normals. 

A  striking  fact  with  regard  to  these  decerebrates  is  the  complete 
disappearance  in  them  of  spontaneous  drinking.  If  their  bills  are 
dipped  in  water  they  make  appropriate  drinking  movements,  or  if 
they  peck  accidentally  in  the  drinking  vessel  they  do  likewise,  but  we 
noted  no  suggestion  of  deliberate  attempt  to  obtain  water  nor  did 
we  observe  that  characteristic  "scooping"  movement  described  by 
Breed  (loc.  cit.,  p.  8)  as  preliminary  to  and  included  in  the  act  of 
drinking.  They  were  often  longer  without  water  than  the  normals 
but  in  spite  of  their  presumably  greater  thirst  the  reaction  did  not 
appear. 

Of  the  miscellaneous  reactions  (group  d,  p.  396)  the  most  conspicuous 
in  these  chicks,  decerebrate  from  batching,  is  the  tendency  to  run 
toward  moving  objects.  This  is  very  striking  particularly  during  the 
first  fortnight.  Movement  of  a  bright  object  in  their  field  of  vision 
will  almost  always  cause  them  to  approach  quickly.  Whenever  any 
chick  runs  for  any  reason  the  decerebrates  run  with  him.  In  connec- 
tion with  the  "greed"  reaction  the  decerebrates  run  in  close  company 
.  with  the  normals  that  are  engaged  in  pursuing  the  possessor  of  a  tidbit 
but  we  have  not  seen  any  of  them  attempt  to  snatch  the  latter,  as 
normals  continually  do. 

The  "fear  reaction"  is  either  wholly  absent  from  these  decerebrates 
or  only  its  initial  manifestation  is  present.  Usually  the  decerebrates 
pay  no  attention  to  the  trilling.  We  have  seen  a  few  instances  of 
apparent  reaction  to  it  but  only  in  the  form  of  rapid  darting  for  a  few 
steps.  Instead  of  the  subsequent  immobilisation,  seen  in  normals, 
these  resume  promptly  their  former  activities.  "WUdness"  is  wholly 
absent.  These  chicks  offer  no  objections  to  handling  or  to  the  ap- 
proach of  the  hands.  Acts  clearly  dependent  on  memory  were  not 
observed  to  occur. 

Serin  2.  The  second  series  of  standard  decerebrates,  those  in  which 
the  operation  wan  performed  between  the  third  and  eighth  days,  showed 
some  interesting  contracts  in  comparison  with  the  chirks  decerebrated 


d  by  Google 


BEHAVIOR  OP  DECEREBRATE  AND  DECEREBELLATE  CHICKS    403 

at  hatching.  These  chicks  before  decerebration  fed  themselves, 
drank,  scratched  in  litter,  showed  the  "fear  reaction"  and  behaved 
generally  in  a  manner  to  indicate  that  the  normal  activities  were  well 
established. 

Our  special  interest  in  this  aeries  was  to  observe  whether  any  of 
the  activities  which  fail  to  appear  or  which  are  slow  in  appearing 
in  chicks  decerebrated  from  hatching  would  show  themselves,  or 
appear  sooner  in  these,  decerebrated  after  the  activities  were  well 
developed.  Our  observation  was  tha,t  the  locomotor  and  self  clean-  I 
ing  activities,  which  develop  normally  in  the  early  decerebrates,  con-  i 
tinue  unimpaired  in  these.  We  noted  one  feature  of  locomotion  which 
seems  worthy  of  record.  In  all  the  chicks  decerebrated  after  the  second 
day  there  was  a  period,  starting  the  day  after  decerebration  and  con- 
tinuing for  several  days  thereafter,  in  which  there  was  a  pronounced 
tendency  to  run  in  straight  lines.  The  chicks  would  start  and  run  till 
their  course  brought  them  to  the  wall  of  the  brooder.  Thence  they 
would  follow  along  the  wall,  slowing  down  abruptly  at  the  corners, 
turning  them  skilfully,  and  proceeding.  Certain  chicks  kept  the  wall 
always  at  their  right,  others  kept  it  always  at  their  left.  This  tend- 
ency was  rendered  striking  by  the  circumstance  that  the  inclined 
approach  to  the  warm  chamber  of  the  brooder  was  so  placed  that  those 
keeping  the  wall  to  the  right  would  always  run  up  it  and  into  the 
warm  chamber.  This  would  be  encircled,  then  the  chick  would  emerge, 
swing  sharply  to  the  right,  jump  off  the  edge  of  the  incline  and  proceed. 
Those  that  ran  with  the  wall  at  the  left  were  never  seen  to  enter  the 
warm  chamber  in  this  manner.  They  would  approach  the  incline 
from  the  side,  pass  along  its  foot,  and  continue  around  the  edge  of  the 
brooder.  This  running  tendency  disappeared  after  a  few  days  and 
we  are  inclined  to  attribute  it  to  some  irritation  from  the  seat  of  injury. 

In  connection  with  this  running  reaction  we  observed  a  typical 
manifestation  of  the  decerebrate  condition.  The  brooder  was  so 
placed  that  at  a  certain  hour  a  bright  strip  of  sunlight  about  2  cm. 
wide  lay  along  the  floor  in  the  path  of  chicks  running  along  the  wall. 
Two  different  chicks  were  observed  repeatedly  as  they  approached  this 
bar  of  sunlight  to  jump  over  it  as  over  a  physical  obstruction;  none 
of  the  normals  behaved  similarly. 

The  feeding  activities  in  these  chicks  corresponded  in  general  with 
those  of  the  early  decerebrates  with  one  exception.  Whereas  none 
of  the  tatter  began  to  scratch  on  the  floor  before  the  sixteenth  day,  all 
those  decerebrated  between  the  third  and  eighth  day  resumed  scratch- 
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ing  within  eight  days.  All  the  decerebrates  of  this  series  were  scratch- 
ing at  least  three  days  younger  than  the  youngest  early  decerebrate  to 
begin  the  act. 

The  miscellaneous  activities  of  these  chicks  were  the  aame,  so 
far  as  our  observation  extended,  as  those  recorded  above  for  the  early 
decerebrates. 

Series  3.  The  chidks  decerebrated  after  the  eighth  day  were  grouped 
separately  from  those  just  discussed  because  of  their  different  behavior 
in  connection  with  the  feeding  activities.  Instead  of  preserving  the 
reaction  of  scratching  unimpaired  or  resuming  it  after  a  short  delay,  as 
we  rather  expected  from  our  observations  on  the  other  groups,  we  were 
surprised  to  note  that  the  scratching  activity  disappeared  completely 
and  was  not  resumed.  One  of  these  chicks,  decerebrated  on  the  tenth 
day,  lived  forty-two  days  thereafter,  showing  during  that  time  most  of 
the  activities  common  to  decerebrate  chicks,  but  without  scratching, 
at  least  during  the  time  of  observation  which  included  most  of  the 
daylight  hours.  The  pecking  activity  seemed  also  to  be  less  manifest 
in  the  chicks  decerebrated  later  than  in  those  decerebrated  young.  The 
chick  mentioned  above,  decerebrated  on  the  tenth  day,  was  not  seen 
to  peck  at  all  for  six  days  and  after  that  only  at  occasional  intervals 
during  a  month.  A  chick,  decerebrated  on  the  twenty-sixth  day,  had 
not  been  seen  to  peck  up  to  the  time  it  was  killed  on  the  thirty-third 
day. 

In  general  all  the  standard  decerebrates  were  more  active  during 
the  first  month  of  life  than  later.  This  appeared  to  hold  irrespective  of 
the  age  at  decercbration.  Those  decerebrated  early  showed  a  long 
period  of  activity,  while  those  decerebrated  late  lapsed  quickly  into 
a  sluggish  state.  The  appearance  of  all  these  decerebrates  at  the  end 
of  a  month  of  life  corresponded  closely  with  the  usual  description  of 
the  adult  decerebrate  pigeon.  Occasional  intervals  of  activity,  prob- 
ably associated  with  hunger,  alternated  with  periods  of  standing 
quietly  in  one  spot,  apparently  sleeping.  All  these  chicks  showed 
the  characteristic  drooping  of  the  feathers  described  for  decerebrate 
birds,  developing  gradually  and  finally  becoming  very  marked. 

"Shallow"  decerebrates.  In  this  category  were  four  chicks.  Two  of 
these  were  prepared  with  great  care  to  keep  the  injury  superficial. 
In  the  other  two  an  attempt  was  made  to  obtain  a  condition  inter- 
mediate between  the  standard  and  the  shallow  decerebration.  Of  the 
two  designedly  "shallow"  decerebrates,  one  was  operated  on  at  hatch- 
ing, the  other  on  the  eighteenth  day.    One  of  the  two  intermediates 
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was  prepared  at  hatching,  the  other  on  the  fifth  day.  All  are  grouped 
together  because  in  the  main  their  reactions  were  similar.  All  fed 
themselves  successfully,  drank  spontaneously,  scratched  actively  and 
in  general  deported  themselves  like  normals.  Certain  minor  features 
of  difference  were  noted.  On  the  whole  these  chicks  appeared  to  have 
less  initiative  than  normals  and  to  be  less  "wild."  One  or  two  of 
them  showed  remarkable  subservience  to  external  stimuli.  For  ex- 
ample, repeated  tapping  on  a  hard  surface  sufficed  to  attract  one  to 
the  point  tapped.  By  the  use  of  this  stimulus  this  chick  could  be 
led  all  over  the  laboratory  or  caused  to  jump  up  into  a  chair  and  thence 
to  a  table  and  down  again.  It  reacted  in  this  manner  on  a  demonstra- 
tion table  before  an  audience,  a  situation  in  which  normal  chicks  show 
signs  only  of  fright  or  bewilderment. 

One  of  the  "intermediates"  was  interesting  in  that  while  most  of 
his  activities  were  similar  to  those  of  the  "shallow"  decerebrates,  his 
behavior  in  scratching  resembled  that  of  "standard"  decerebrates. 
This  chick  was  prepared  at  hatching.  He  was  first  seen  to  scratch 
on  the  floor  on  the  twentieth  day  thereafter.  None  of  these  chicks 
showed  signs  of  operative  "shock"  in  any  noteworthy  degree.  Those 
prepared  some  days  after  hatching  resumed  their  usual  activities 
within  three  or  four  hours  after  operation.  Those  prepared  at  hatch- 
ing appeared  to  develop  as  rapidly  as  normals  of  the  same  age. 

"Deep"  decerebrates.  We  attempted  on  six  chicks  the  operation 
described  above  as  "deep  decerebrataon,"  namely  the  mutilation  of 
some  portion  of  the  thalamus,  in  addition  to  complete  removal  of  the 
portions  anterior  thereto.1  These  chicks  ranged  in  age  between  five 
and  fourteen  days.  We  did  not  try  this  operation  on  any  new  hatched 
chicks.  Three  of  the  six  chicks  in  this  series  died  within  twenty-four 
hours.  The  others  lived  three,  five  and  six  days,  respectively.  Those 
that  died  early  showed  few  significant  features.  A  tendency  to  rigidity 
(decerebrate?)  was  noted  in  two  of  them  immediately  following  opera- 
tion. One  of  them  struggled  wildly  and  presented  an  appearance 
which  would,  in  a  normal  chick,  suggest  suffering — eyes  staring  and 
bill  open.  Another  stood  and  shook  its  head  when  disturbed;  it  re- 
mained quietly  in  one  spot  except  when  stimulated. 

All  the  three  chicks  that  lived  more  than  one  day  showed  the  swallow- 
ing reflex  and  all  stood  and  walked  about.  In  each  case  the  walking  was 
unsteady  and  presented  an  appearance  of  effort.    There  was  manifest 

1  From  one  chick,  no.  15,  only  the  right  cerebral  hemisphere  was  removed. 
This  chick  lived  only  six  daya. 
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difficulty  in  maintaining  equilibrium  together  with  apparent  muscular 
weakness.  The  visual  reflexes  seemed  to  be  present.  One  chick, No. 
22,  that  lived  five  days,  was  seen  to  preen  itself  on  the  first  day  before 
it  had  attempted  to  stand.  On  the  fourth  day  it  attempted  repeatedly, 
while  standing,  to  preen  the  feathers  on  the  back  near  the  tail.  On 
four  trials  it  toppled  over  backward,  recovering  itself  after  violent 
struggling.  At  a  fifth  trial  it  succeeded  in  making  the  preening  move 
mcnts  without  falling. 

Chick  15,  from  which  only  one  cerebral  hemisphere  had  been  re- 
moved, behaved  in  the  same  general  manner  as  the  other  deep  decere- 
brates. It  showed  no  activities  that  were  not  shown  by  other  deep 
decerebrates  from  which  both  hemispheres  had  been  removed.  It 
was  observed  to  hold  its  tail  toward  the  uninjured  (left)  side.  Its 
compensatory  tail  movements  were  noted  to  be  slight  in  comparison 
with  those  of  normal  chicks  or  of  half- decerebrates  in  which  the  thala- 
mus was  intact. 

All  these  deep  decerebrates  were  much  more  activeand  to  judge 
from  appearance,  in  much  better  condition  when  in  a  warm  environ- 
ment than  when  placed  in  a  cool  spot.  The  difference  was  obvious. 
We  did  not  attempt  to  determine  whether  or  not  there  was  an  actual 
lowering  of  body  temperature  in  the  cool  surroundings  although  the 
difference  in  behavior  suggested  that  such  a  lowering  might  occur  (8). 

Unilateral  dtcertbration.  Beside  the  half  decerebration  described 
above,  we  removed  one  cerebral  hemisphere  from  each  of  four  chicks, 
two  at  hatching  and  two  at  two  weeks  old.  In  one  of  each  age  the 
left  hemisphere  was  removed,  in  the  other  the  right.  Our  aim  in  thew 
experiments  was  primarily  to  observe  the  effects  of  "shock"  as  dis- 
tinct from  those  of  removal  of  nerve  substance.  We  were  and  are  of 
the  opinion  that  surgically  the  removal  of  one  hemisphere  constitute 
as  pronounced  a  basis  of  "shock"  as  the  complete  ablation  of  the 
cerebrum.  The  observations  of  interest  on  these  chicks  had  to  do. 
for  the  most  part,  with  the  entire  absence  of  disturbances  attributable 
to  "shock."  None  of  them  showed  more  than  a  transitory  interrup- 
tion of  function.  Except  on  close  examination  they  were  indistin- 
guishable from  normals  of  corresponding  age.  The  moat  obvious 
difference  between  them  and  normals  was  in  the  matter  of  vision.  All 
the  half  decerebrates  retained  normal  vision  on  the  side  of  injury  and 
showed  visual  reflexes,  but  not  psychic  vision,  on  the  Bide  opposite 
the  injury* 

i  (hew  chicks  will  be  presented  in  >  •eporaiv 
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Ablation  of  the  cerebellum.  The  single  chick  in  which  ablation  of 
the  cerebellum  was  successfully  accomplished  lived  six  days  there- 
after. The  following  were  the  chief  points  noted  in  respect  to  behavior: 
The  chick  made  no  attempt  to  stand;  except  when  held  it  lay  on  side 
or  back.  It  was  very  active,  struggling  almost  continuously.  Its 
most  violent  movement  consisted  in  kicking  out  with  both  feet  together. 
There  was  also  much  flapping  of  wings.  When  held  in  the  hand  with 
feet  curled  up  to  the  body  it  would  remain  quiet.  Any  attempt  to 
put  it  down  led  to  a  renewal  of  the  violent  kicking  so  that  it  had  to 
be  kept  closely  wrapped  to  prevent  self  injury.  There  was  loud  and 
persistent  peeping  much  of  the  time.  The  head  was  thrown  back  and 
forth  repeatedly.  There  seemed  to  be  no  pronounced  loss  of  strength 
during  the  first  five  days;  on  the  sixth  day  weakness  became  pro- 
nounced. The  movements  of  the  legs  appeared  to  be  wholly  inco- 
ordinate, although  the  chick  was  able  to  make  coordinated  movements 
of  some  parts.  Thus  when  held  in  the  hand,  the  situation  in  which  it 
appeared  to  be  most  comfortable,  the  chick  made  directed  movements 
of  head  and  neck.  When  the  bill  was  dipped  in  water  a  typical  drink- 
ing reaction  occurred.  This  was  seen  on  the  first  and  second  days. 
It  waa  successful  only  when  not  too  extensive.  If  the  head  happened 
to  be  raised  too  far  there  succeeded  to  the  drinking  movement  violent 
backward  and  forward  motions  of  the  head.  On  the  fifth  day  the  chick 
preened  itself  on  the  wing,  pecked  at  a  moving  pencil  point  and  made 
what  appeared  to  be  pecking  movements  at  grain  placed  within  easy 
reach.  All  these  activities  occurred  while  the  chick  was  being  held  in 
the  hand.  So  far  as  we  could  judge,  hearing  was  normal  as  well  as 
sight.  Careful  tests  for  compensatory  movements  were  made  for  us 
by  Professor  Weymouth.  None  could  be  demonstrated  although  their 
presence  could  not  be  absolutely  excluded.  In  comparison  with  the 
conspicuous  manifestations  of  equilibrating  power  in  standard  decere- 
brates, compensation  in  this  chick  was  certainly  negligible. 

DISCUSSION 

Although  comprehensive  analysis  of  the  observations  described  in 
this  paper  must  wait  for  the  completion  of  the  morphological  studies 
now  in  progress  on  the  operated  brains,  there  are  certain  points  which 
seem  sufficiently  clear  to  justify  comment. 

Our  observations  seem  to  us  to  demonstrate  that  in  chicks  loco- 
motor and  self  cleaning  activities  develop  and  are  mediated  in  complete 
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independence  of  the  cerebrum.  The  first  definite  suggestion  of  cerebral 
influence  is  seen  in  connection  with  feeding  activities.  The  distinction 
suggested  by  Breed  (5)  between  Btriking  at  grains  and  actually  seising 
and  swallowing  them,  appears  from  our  work  to  have  a  definite  ana- 
tomical basis.  Thus  our  "standard"  decerebrates  developed  the  peck- 
ing reaction  as  far  as  "striking"  almost  as  early  as  normals.  The 
further  progress  of  the  reaction  to  the  point  of  successful  self  feeding, 
which  in  normals  occurs  within  twenty-four  to  forty-eight  hours  after 
the  initiation  of  "striking,"  fails  in  the  decerebrates  completely.  The 
suggestion  is  that  the  act  of  "striking"  is  in  a  category  with  locomotion 
and  self-cleaning,  whereas  "seizing"  and  "swallowing"  belong  in  a 
different  category  and  one  which  is  dependent  on  the  cerebrum. 

More  complex  is  the  analysis  of  the  act  of  scratching  in  litter  or  on 
the  ground.  In  normal  chicks  this  is  established  by  the  third  day 
and  continues  thereafter  throughout  the  normal  life  of  the  individual. 
In  none  of  our  "standard"  decerebrates  did  this  activity  appear  so 
promptly  although  it  did  appear  ultimately  in  all  in  which  dererebra- 
tion  was  performed  within  eight  days  after  hatching.  We  have  here  a 
suggestion  of  an  activity  that  is  not  necessarily  dependent  on  the 
cerebrum  but  under  normal  circumstances  develops  in  relationship 
with  it.  Our  observations  suggest ,  further,  that  the  ability  of  the  lower 
parts  of  the  nervous  system  to  establish  this  reaction,  independently 
of  the  cerebrum,  is  quite  limited.  The  fact  that  none  of  our  chicks, 
decerebrated  after  the  tenth  day,  reacquired  it,  indicates  a  nervous 
plasticity  during  the  first  days  that  does  not  persist  thereafter.  Con- 
firmatory of  this  idea  is  our  observation  of  the  increasing  general  slug- 
gishness after  the  first  month.  In  fact  studies  of  the  learning- process 
as  a  whole  in  chicks  suggest  that  the  period  of  plasticity  is  confined  to 
the  first  few  days  (Breed,  loc.  eit.).  That  young  decerebrate  kittens 
are  similarly  more  responsive  than  adult  cats  has  recently  been  shown 
by  Weed  (7). 

In  sharp  contrast  with  these  feeding  activities  is  the  associated  art 
of  spontaneous  drinking  which,  as  we  have  noted,  disappears  at  once 
from  a  bin)  decerebrated  after  it  is  established  and  fails  completely  to 
develop  in  one  decerebrated  at  hatching.  Functionally  this  act  ranks 
in  immediate  importance  above  pecking  or  even  above  seising  and 
swallowing,  and  is  undoubtedly  far  more  important  than  scratching  in 
litter,  yet  it  is  perhaps  the  least  deep-seated  of  all  the  feeding  activities. 
Any  attempt  to  account  for  the  failure  of  representation  of  so  funds- 
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mental  an  act  in  the  underlying  portions  of  the  nervous  system  must 
be  purely  speculative.  The  suggestion  may  be  permitted,  however, 
that  drinking  is  a  necessary  activity  only  in  land  forms.  Feeding 
movements,  on  the  other  hand,  occur  as  well  in  aquatic  animals.  If 
we  assume  that  the  establishment  of  function  within  the  sub-cerebral 
nervous  structures  took  place  during  the  period  when  life  was  pre- 
dominantly marine  and  when,  therefore,  deliberate  drinking  was 
unnecessary,  we  can  see  why  the  nervous  mechanism  of  drinking  might 
not  have  arisen  within  these  lower  nervous  regions,  but  in  a  region,  the 
cerebrum,  of  later  development. 

We  do  not  feel  disposed  to  enter  upon  any  discussion  of  the  influence 
of  decerebration  upon  the  complex  activities  listed  by  us  under  group 
d.  We  have  described  modifications  of  behavior  which  seem  to  us 
significant  but  offer  them  rather  as  contributions  to  knowledge  than  as 
the  basis  of  definite  conclusions. 

The  comparison  of  "shallow,"  "standard"  and  "deep"  decerebra- 
tion confirms  the  conception  previously  established  for  adult  birds, 
that  the  impairment  of  function  is  more  profound  the  more  extensive 
the  injury.  There  is  still  room  for  question,  however,  whether  the 
marked  effects  of  "deep"  decerebration  are  due  to  interruption  of 
important  nerve  pathways  or  whether  they  are  secondary  in  character, 
resulting  from  disturbance  of  the  temperature-regulating  or  some 
other  "vital"  mechanism. 

The  negligible  impairment  of  function  following  unilateral  decere- 
bration, when  not  involving  injury  to  the  thalamus,  demonstrates 
first,  that  the  effects  of  our  other  procedures  were  not  due  to  opera- 
tive shock;  and  second,  that  one  cerebral  hemisphere  suffices  in  birds 
for  the  usual  range  of  their  activities. 

Our  observations  on  a  decerebellate  chick  are  chiefly  confirmatory 
of  current  views.  Complete  incoordination  of  the  muscles  concerned 
with  locomotion,  associated  with  marked  and  almost  continuous 
struggling,  was  the  most  striking  feature.  There  was  a  definite  but 
limited  control  over  head  movements.  Whether  this  was  due  to  fail- 
ure to  ablate  the  entire  cerebellum  or  whether  there  is  such  a  limited 
control  independently  of  the  cerebellum  can  be  decided  only  on  the 
basis  of  further  work. 
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1.  Three  types  of  decerebration  were  performed  on  newly-hatched  or 
very  young  chicks.  These  were  "standard"  decerebration,  repetition 
of  the  usual  operation  as  done  on  pigeons;  "shallow"  decerebration, 
removal  of  the  pallium  with  avoidance,  so  far  as  possible,  of  injury 
to  the  corpora  striata;  "deep"  decerebration,  injury  to  the  thalamus  in 
addition  to  removal  of  the  structures  anterior.  Unilateral  decerebra- 
tion of  "standard"  and  of  "deep"  type  was  also  performed. 

2.  The  behavior  of  young  c-'mal  chicks  is  considered  in  terms  of 
four  groups  of  activities:  a,  locomotor;  6,  self-cleaning;  c,  feeding; 
d,  miscellaneous  activities  of  a  higher  order.  The  age  at  which  these 
appear  is  noted. 

3.  Chicks,  decerebrated  according  to  "standard"  procedure  immedi- 
ately after  hatching,  develop  locomotor  and  self-cleaning  activities  as 
early  and  substantially  as  efficiently  as  normals.  They  begin  to  peck 
about  as  early  as  normals  but  fail  to  progress  beyond  the  art  of  peck- 
ing to  successful  seizing  of  food.  Scratching  in  Utter  develops  very 
slowly.  Spontaneous  drinking  fails  to  appear.  There  is  pronounced 
tendency  to  run  toward  moving  objects.  "Wildness"  and  fear  are 
absent. 

4.  Chicks  decerebrated  between  the  third  and  eighth  days,  after  the 
normal  reactions  are  well  established,  revert  to  the  condition  of  chicks 
decerebrated  immediately  after  hatching.  These  chirks  resume  the 
activity  of  scratching  in  litter  more  promptly  than  it  is  developed  in 
chicks  that  had  not  scratched  at  the  time  of  decerebration.  These 
chicks  show  a  marked  tendency  for  a  few  days  to  run  in  straight  lines. 

5.  Chicks  decerebrated  after  the  eighth  day  show  activities  similar 
to  thono  of  other  decerebrates  except  in  the  case  of  such  as  have  to  do 
with  feeding.  In  those  chicks  there  is  markedly  less  pecking  than  in 
the  other  decerebrates  and  scratching  fails  completely  to  reappear. 

6.  Chicks  in  which  the  operation  is  confined  to  the  ablation  of  the 
pallium,  with  a  minimum  of  injury  to  the  corpora  striata,  the  so-called 
"shallow"  decerebration,  show  only  minor  differences  as  compared 
with  normals.  There  seems  to  be  a  more  pronounced  subservience  to 
stimuli  and  less  "wildness." 

7.  Chicks  in  which  the  operation  includes  injury  to  the  thalamus. 
"deep"  decerebration,  appear  weaker  than  the  others  and  to  have 
less  secure  equilibrium.  The  walking  is  unsteady  and  the  act  of  preen- 
ing is  accomplishes  I  with  difficulty.     There  is  obvious  impairment  of 
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function  when  in  a  cool  environment,  suggesting  a  lowering  of  body 
temperature. 

8.  Unilateral  decerebration  has  no  demonstrable  effect  upon  chicks 
except  the  loss  of  psychic  vision  on  the  side  opposite  the  injury,  with 
retention  of  the  visual  reflexes. 

9.  Ablation  of  the  cerebellum  brings  about  a  condition  of  complete 
incoordination  so  far  as  locomotor  movements  are  concerned,  al- 
though there  seems  to  be  a  limited  power  of  coordination  of  the 
movements  of  the  head.  Compensatory  movements  are  not  readily 
demonstrable.    There  is  much  struggling  and  loud  peeping. 

10.  The  conclusion  is  drawn  that  the  cerebrum  has  no  necessary 
concern  in  the  development  and  mediation  of  locomotor  and  self-clean- 
ing activities  in  chicks.  The  successful  accomplishment  of  feeding 
depends  on  the  cooperation  of  the  cerebrum,  and  the  simpler  phases 
of  the  act,  pecking  and  scratching,  are  normally  developed  through 
the  cooperation  of  the  cerebrum,  although  if  this  is  removed  early 
enough  in  the  life  of  the  chick  both  may  develop  independently  of  it. 
A  superior  plasticity  in  early  life  is  thus  indicated. 

11.  The  suggestion  is  offered  that  the  complete  disappearance  of 
spontaneous  drinking  which  follows  decerebration  may  signify  that 
this  act,  unnecessary  in  marine  animals,  may  have  developed  compara- 
tively late  in  evolutionary  history,  after  the  underlying  parts  of  the 
nervous  system  were  established  in  function,  and  concurrently  with  the 
development  of  the  cerebrum. 
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Aronsohn  and  Sachs  (1)  in  1885  first  performed  the  now  well  known 
heat  puncture.  They  punctured  the  corpus  striatum  of  the  rabbit 
producing  an  increase  of  body  temperature  which  they  attributed  to 
increased  heat  production  from  stimulation  of  the  corpus  striatum. 

Hale  White  (2)  in  1890  localized  the  temperature  center  in  the  cor- 
pus striatum  and  optic  thalamus. 

In  1912,  Barbour  (3)  found  that  thermal  stimulation  of  this  center 
in  the  corpus  striatum  in  rabbits  produced  changes  in  the  rectal  tem- 
perature. Heating  the  center  lowered  body  temperature  and  cooling 
it  raised  the  temperature. 

The  experiments  of  this  paper  were  performed  with  the  purpose  of 
throwing  light  on  two  points: 

1.  To  ascertain  whether  the  mechanism  discovered  by  Barbour  (31 
in  the  rabbit  is  peculiar  to  that  animal;  and 

2-  To  determine  the  external  landmarks  of  the  heat  center  in  the 
brain  of  the  cat,  an  animal  which  is  more  suitable  for  certain  experi- 
ments than  the  rabbit. 

METHOD 

The  method  used  was  essentially  that  used  by  Barbour  (3)  on  rab- 
bita.  Aseptic  operations  were  performed  under  ether  anaesthesia. 
The  brain  was  punctured  with  a  double  metal  tube  which  carried  a 
stream  of  water  of  the  desired  temperature.  The  tube  was  introduced 
and  held  in  position  by  a  metal  cylinder  screwed  into  the  skull.  The 
temperature  of  the  water  running  into  the  tube  was  about  10*C.  for 
cold  and  about  50V.  for  hot.  The  body  temperature  was  measured 
per  rectum. 

«  rr»rarch  wso  defrayi-d   by  ihe  I.oomii  Mrdiotl  Reararch 
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It  should  be  emphasized  that  heating  and  cooling  of  the  center  was 
always  carried  out  after  complete  recovery  from  anaesthesia.  The 
failure  of  Sachs  and  Green  (4)  to  demonstrate  the  heat  center  in  cats 
may  have  been  due  to  the  use  of  an  anaesthetic. 

In  each  experiment  time  was  allowed  for  the  puncture  fever  to  assert 
itself  before  applying  thermal  stimulation  to  the  brain. 

In  experiments  1  and  2  no  constant  effects  on  the  body  temperature 
were  obtained  by  heating  and  cooling  the  brain  (see  figs.  4  and  5).  It 
was  concluded  therefore  that  the  heat  center  had  not  been  punctured 
and  that  the  site  of  puncture  used  in  these  two  experiments  was  not 
the  correct  one  (figs.  1,  2). 
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Diagrams  showing  site  of  brain  puncture  with  reference  to  external  landmarks. 
Figure  3  shows  the  correct  external  landmarks  for  puncture  of  the  "heat  center." 

In  experiments  3  and  4  constant  results  were  obtained.  Heating 
the  brain  caused  a  distinct  fall  in  body  temperature  and  cooling  caused 
a  distinct  rise  (see  figs.  6  and  7).  It  was  therefore  concluded  that  in 
these  two  experiments  the  puncture  reached  the  heat  center.  The 
punctures  in  these  two  cases  were  made  5  mm.  lateral  to  the  sagittal 
suture  and  an  equal  distance  anterior  to  the  coronal  suture  (fig.  3). 
A  gross  brain  section  made  of  the  cat  used  in  experiment  4  showed  the 
puncture  to  penetrate  the  brain  1  mm.  in  front  of  the  anterior  border 
of  the  corpus  striatum. 
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Expt.  1.    Fig.  4 
Site  of  Puncture  shown  in  Fig.  1 
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Expt.  3.     Fig.  8 
Site  of  Puncture  shown  in  Fig.  3. 
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Puncture  fever.  Expt.  4.     Fig.  7 

Cite  of  Puncture  shown  In  Fig.  3 
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CONCLU8ION8 

1.  The  "heat  center"  in  the  cat  is  located  by  the  same  external  land- 
marks as  in  the  rabbit,  i.e.,  5  mm.  lateral  to  the  sagittal  suture  and  the 
same  distance  anterior  to  the  coronal  suture. 

2.  In  the  cat  as  in  the  rabbit,  heating  the  heat  center  induces  a  lower- 
ing and  cooling  induces  a  rise  in  the  body  temperature. 

3.  Heating  and  cooling  of  the  brain  at  other  sites  does  not  produce  a 
similar  constant  effect. 
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Barbour  (1)  in  1012  found  that  thermal  stimulation  of  the  heat 
center  in  the  corpus  striatum  in  rabbits  produced  changes  in  the  rectal 
temperature.  Heating  the  center  lowered  body  temperature  and  cool- 
ing it  raised  the  temperature.  Barbour  pointed  out  the  usefulness  of 
this  mechanism  by  which  it  appears  that  fever  would  automatically 
lower  body  temperature,  and  vice  versa,  an  abnormally  low  tempera- 
ture would  tend  to  be  raised. 

tn  1914  Barbour  and  Prince  (2)  showed  that  these  changes  in  tem- 
perature were  due  in  part  to  changes  in  heat  production,  as  they  were 
able  to  demonstrate  that  thermal  stimulation  of  the  center  produced 
changes  in  the  carbon  dioxide  output,  the  oxygen  consumption  and 
the  respiratory  volume. 

Barbour  had  previously  (1)  shown  that  the  changes  in  temperature 
were  associated  also  with  changes  in  heat  dissipation,  for  heating  the 
center  caused  dilatation  and  cooling  it  caused  constriction  of  the  vessels 
of  the  ear. 

The  experiments  of  this  paper  were  devised  to  ascertain: 

1.  Whether  the  "heat  center"  in  the  corpus  striatum  controls  also 
a  vasomotor  mechanism  in  the  hind  limb. 

2.  Whether  such  a  mechanism  involves  control  mainly  of  the  vessels 
in  the  skin. 


Rabbits  wore  used.  The  corpus  striatum  was  punctured  according 
to  the  method  descril>od  by  Barbour  (1)  A  double  metal  tube  which 
carried  a  stream  of  water  of  the  deitired  temperature  was  introduced 
and  held  in  position  by  a  metal  cylinder  screwed  into  the  skull.  The 
corpus  striatum  wit*  reached  by  pushing  the  tulx>  through  an  opening 
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in  the  skull  trephined  at  a  point  about  5  mm.  from  the  sagittal  suture 
and  an  equal  distance  in  front  of  the  coronal  suture.  The  temperature 
of  the  water  running  into  the  tube  was  about  10°C.  for  cold  and  about 
50°C.  for  hot. 

In  some  experiments  aseptic  operations  were,  performed  under  ether 
anaesthesia  and  the  animals  were  allowed  to  come  out  from  the  ether 


Fig.  1 

to  be  used  on  the  next  day.  When  the  animal  was  to  be  used  only  on 
the  current  day,  paraldehyde  was  used  (1.7  cc.  per  kilo  body  weight) 
and  absolute  asepsis  was  not  considered  necessary  because  the  experi- 
ment did  not  last  long  enough  for  infection  at  the  site  of  operation 
to  become  a  factor  influencing  the  results. 

In  order  that  changes  in  the  temperature  of  the  environment  should 
not  disturb  the  experiment,  the  animals  were  kept  under  conditions 
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conducive  to  a  constant  body  temperature  by  being  placed  above  a 
warm  pan,  but  separated  from  it  by  a  wooden  stage.  Blood  pressure 
records  were  kept  during  all  the  experiments  as  a  control  of  the  volume 
changes  in  the  limb. 

In  order  to  determine  whether  the  changes  in  the  volume  of  the 
limb  were  mainly  effected  by  the  skin  vessels,  in  some  experiments  the 
skin  was  carefully  removed  from  one  leg  while  the  other  leg  was  left 
intact,  and  synchronous  records  were  obtained  from  both  legs.  In 
removing  the  skin,  special  care  was  taken  not  to  injure  the  subcu- 
taneous veinp. 

Changes  in  the  volume  of  the  hind  limb  were  measured  by  a  plethys- 
mography connected  to  a  lever  registering  on  a  smoked  drum.  Vaso- 
constriction in  the  limb  is  indicated  by  a  drop  in  the  curve  and 
vasodilation  is  indicated  by  a  rise. 

The  graphic  records  (fig.  1)  show  distinctly  that  heating  the  center 
produces  dilatation  of  the  vessels  of  the  hind  limb  and  cooling  the 
center  causes  vasoconstriction.  Figures  2  and  3  show  that  these 
changes  do  not  take  place  in  the  denuded  limb. 

CONCLUSIONS 

1.  Cooling  the  "heat  center"  in  the  corpus  striatum  in  rabbits  causes 
vasoconstriction  in  the  hind  limb. 

2.  Heating  the  center  causes  vasodilatation  in  the  hind  limb. 

3.  The  skin  vessels  are  the  vessels  mainly  concerned  in  these  effects, 
as  shown  by  negative  results  with  the  limb  denuded. 

4.  Further  evidence  is  furnished  of  a  central  mechanism  in  the  corpus 
striatum  which  exercises  control  over  the  vasomotor  centers. 

The  expenses  of  the  research  reported  in  this  paper  were  defrayed 
by  the  Loomis  Medical  Research  Fund. 

The  authors  desire  to  express  gratitude  to  Dr.  Yandell  Henderson 
and  Dr.  H.  G.  Barbour  for  their  advice  and  assistance. 
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In  this  work  a  study  has  been  made  (1)  of  the  influence  of  copious 
water  drinking  with  the  meals  upon  gastric  secretion  and  the  empty- 
ing  time  of  the  stomach;  (2)  of  the  emptying  time  of  water  from  the 
empty  stomach;  (3)  of  gastric  stimulation  by  water;  (4)  of  the  latent 
period  of  the  human  gastric  glands  when  stimulated  by  water;  and 
(5)  of  gastric  glandular  fatigue. 

WATER    DRINKING     WITH    THE     MEALS    AND    GASTRIC     SECRETION 

That  water  is  a  gastric  stimulant  has  been  pointed  out  by  many 
investigators,  e.g.,  Heidenhain  (1),  Sanoteki  (2),  Pavlov  (3),  Krshy- 
schkowshy  (4),  Foster  and  Lambert  (5),  Bergeim,  Refuse  and  Hawk 
(6),  Sawtch  and  Zeliony  (7),  Carlson,  Orr  and  Brinkman  (8).  It  has 
been  shown  by  Foster  and  Lambert  that  water  not  only  stimulates 
gastric  secretion  when  given  alone  but  that  it  also  stimulates  the 
gastric  glands  when  it  is  given  with  food.  Although,  as  Pavlov  has 
shown,  the  stimulation  is  chemical,  it  has  been  demonstrated  by  Carl- 
son, Orr  and  Brinkman  that  the  psychic  or  thirst  factor  is  of  importance 
in  the  stimulation  of  the  gastric  glands  by  water.  With  this  point  in 
view  the  work  of  Foster  and  Lambert  has  been  repeated. 

Method*.  Dogs  with  Pavlov  accessory  stomachs  were  prepared  and 
put  on  a  diet  of  300  grams  of  meat  and  800  cc.  of  water  per  day.  The 
dogs  were  given  two  meals  each  day,  one  at  8.00  a.m.,  the  other  at  3.00 
p.m.  The  juice  was  collected  after  each  meal  over  a  period  of  three 
hours.  When  water  was  given  with  the  meal,  the  amount  was  300  cc. 
An  attempt  to  give  the  dogs,  which  were  rather  small,  500  cc.  of  water 
with  the  meal  canned  evident  discomfort.  So  300  cc.  of  water  was  the 
amount  decided  upon  to  be  used  in  this  series  of  experiments.  In 
order  to  eliminate  a  possible  factor  of  normal  variation,  the  water 
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meals  were  varied;  some  days  water  would  be  given  with  both  meals' 
then  with  neither  or  only  with  the  morning  or  afternoon  meal.  The 
water  when  not  given  with  the  meal  was  given  after  the  evening  meal 
and  at  11.00  p.m.  The  dogs  were  always  offered  water  before  the  meal 
to  see  if  thirst  was  present.  It  was  refused  in  every  instance.  The 
water  was  always  given  by  tube  as  the  dogs  would  not  drink  any  of  it. 
The  dogs,  after  training,  took  the  tube  without  any  apparent  discom- 
fort and  would  even  allow  the  tube  to  remain  in  position  indefinitely. 

In  table  1  the  degree  of  acidity  is  expressed  in  clinical  units  (the 
number  of  cubic  centimeters  of  N/10  NaOH  required  to  neutralize 
100  cc.  of  gastric  contents).  The  peptic  activity  is  expressed  in  milli- 
meters of  digested  coagulated  egg  white,  according  to  Schiff 's  modifica- 
tion of  Mett's  method.  The  length  of  the  period  of  diet  and  experi- 
mentation was  twelve  days,  so  that  the  figures  in  the  table  represent 
the  average  of  three  days'  results  under  each  procedure. 

The  results  upon  these  five  dogs  (table  1)  show  that  there  was  always 
an  increase  in  the  amount  of  juice,  but  the  increase  in  acidity  did  not 
occur  in  every  instance.  The  amount  of  pepsin  generally  remained 
the  same  but  often  when  the  amount  of  juice  was  markedly  increased, 
the  peptic  activity  would  be  reduced.  Although  on  a  diet,  these  dogs 
showed  some  variation  in  the  amount  and  acidity  of  the  gastric  juice 
from  day  to  day,  the  peptic  activity  was  more  constant.  By  varying 
the  procedure  as  described  above,  this  factor  of  daily  variation  was 
eliminated. 

It  is  apparent  from  these  results  that  when  factors  of  thirst  and  nor- 
mal variation  are  controlled  there  is  an  increase  in  the  total  amount  of 
gastric  juice  and  in  the  free  and  total  acidity  of  this  gastric  juice  upon 
the  ingestion  of  water  with  the  meals,  confirming  the  results  of  Foster 
and  Lambert  (5).  It  is  interesting  to  note  from  the  table  that  when 
the  water  was  given  with  the  afternoon  meal,  in  every  case  but  dog  I, 
the  amount  of  juice  was  increased  over  the  amount  when  the  water 
was  given  with  the  morning  meal.  The  dogs  were  probably  slightly 
thirsty,  not  having  had  any  water  between  meals,  although  they  refused 
water  offered  to  them  before  the  meal.  It,  however,  must  be  recalled 
that  the  water  was  given  by  tube  which  is  said  to  eliminate  the  psychic 
factor.  Two  explanations  are  possible:  first,  that  the  increased  stimu- 
lation by  water  during  thirst  is  not  due  to  a  psychic  secretion  but  to  an 
increased  irritability  of  the  gland  cells  to  respond  to  the  chemical 
stimulation  of  the  water;  or  second,  the  psychic  influence  is  not  elimi- 
nated by  the  stomach  tube  because  the  sensation  of  cooling  the  throat, 
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oesophagus  and  stomach,  which  is  present  with  the  tube  in,  is  still 
experienced .  The  factor  of  dilution  of  the  blood  as  suggested  by  Carlson, 
Orr  and  Brinkman  (8)  may  also  be  a  factor  concerned  in  this  increase. 

TABLE  i 
Influtnr*  of  traUr  drinking  with  th*  meal*  on  gastric  •trrttion 


onaraic  juicb 

mcmu 

Now 

UMwitaBMa! 

HiO  KHbrnMl 

11 

Aridity 

Acwiilj    | 

1 

I 

2r 

I 

!J" 

m. 

mm. 

at. 

1" 

fl 

H,0  with  morning  meal 

16 

67 

821.8 

22 

00 

851  8 

D°«I  ■■<*, 

H<0  with  afternoon  meal 

13 

37 

722.0 

19 

65 

071.8 

HiO  with  both  meals 

1 

24 

ao 

87  2.0 

[i 

No  HiO  with  either  meal 

13 

62 

831.8 

I 

1 

fl 

HfO  with  morning  meal 

20 

72 

1 
107  1.5 
771.5 

34 

07 

1101.25 

»,             i .2     HiO  with  afternoon  meal 

20 

52 

50 

1121  1251.2ft 

°*         \3 

HiO  with  both  meals 

35 

112'  1221  00 

[4 

No  HtO  with  either  meal 

21 

75 

102 

1.5 

! 

[1 

HiO  with  rooming  meal 

58 

127 

135 

2.0 

72 

125j  1821.7 

Do.III.j5 

H,0  with  afternoon  meal 

ao 

117 

1252.0 

75 

125   1301.7 

HtO  with  both  meals 

i 

71 

iao|  1302.0 

{4 

No  HtO  with  either  meal 

58 

117 

1252.0 

1 

[1 

HtO  with  morning  meal 

17 

100 

107 

1.0 

25 

lOTi  12OI.0 

DoilV  I J 

II  tO  with  afternoon  meal 

18 

07 

105 

1.0 

28 

105   1221.0 

HtO  with  both  meala 

24 

105   120 1  0 

1.4 

No  H|0  with  either  meal 

17 

100 

110 

1.0 

| 

[1 

H,0  with  morning  meal 

24 

95 

1052.0 

35 

10»   1152.0 

DofV.Jj 

HtO  with  afternoon  meal 

25 

02 

1052.25 

39 

07,  1102  0 

HiO  with  both  meala 

34 

100;  1122.0 

* 

No  HtO  with  either  meal 

23 

05 

105 

2.0 

i 

Water  drinking  with  the  meala  and  gastric  stimulation:  man,  A  series 
of  experiments  wan  next  conducted  to  Bee  if  stimulation  resulted  in  man 
upon  drinking  copious  amounts  of  water  with  the  meal.  The  man 
experimented  upon  wan  placed  upon  a  diet  of  two  meala  a  day,  one  at 
11.00  a.m.,  the  other  at  5.30  p.m.     The  meal  consisted  of  125  grama  of 
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graham  crackers,  SO  grams  peanut  butter,  300  cc.  milk  and  400  cc.  of 
water.  This  was  the  amount  of  fluid  normally  taken  during  the  meal 
by  this  person.  The  diet  lasted  eight  days.  Eight  hundred  cubic  centi- 
meters of  water  were  ingested  when  the  amount  was  called  "copious." 
The"copious"  water  meal  was  varied  so  that  two  of  thedays  the  meals 
were  of  "moderate"  water  (400cc), or  of  "copious"  water  (800  cc),  or  of 
"copious"  water  with  the  first  meal  or  with  the  second  meal.  This 
was  done  for  the  purpose  of  eliminating  the  chance  of  any  normal 
variation  in  gastric  secretion.     The  factor  of  thirst  was  controlled  by 

TABLE  3 
Subject    J 


tOO  oo.  KiO 
with  mad 

800  ec.  HiO 

with  meat 

ma 

Aridity 

Atiiditj 

,™un 

Fteo 

Total 

Free 

Total 

Residuum  7.00  a.m 

17 

22 

30 

40 

Meal 

8.00  a.m 

0 

17 

0 

23 

8.30  a.m 

1 

25 

7 

40 

9.00  a.m 

1 

32 

15 

80 

9.30  a.m 

17 

47 

fO 

100 

10.00  a.m 

25 

82 

42 

115 

10.15  a.m 

67 

122 

10.30  a.m 

40 

105 

70 

112 

10.45a.ro 

45 

115 

52 

85 

ll.00a.ro 

45 

115 

60 

82 

11.15  a.m 

57 

100 

60 

82 

With  800 

cc.  stomach  empty 

11.30  a.m 

92 

95 

00 

75 

11.45  a.m 

62 

95 

45 

50 

12.00  noon. ... 

42 

55 

35 

42 

With  400 

bo.  stomach  empty 

12.15p.ro 

35 

40 

keeping  the  daily  amount  of  water  intake  constant  and  by  drinking 
certain  amounts  at  7.00  a.m.  and  at  11.00  p.m.  Samples  of  the  gastric 
contents  were  withdrawn  and  analyzed  for  acidity.  The  emptying 
time  of  the  stomach  was  recorded. 

The  following  table  2  shows  typical  results  obtained  where  400  cc. 
and  800  cc.  of  water  were  taken  with  the  meal. 

Table  2  shows  that  there  is  only  a  slight  increase  in  the  free  and  total 
acidity  of  the  gastric  contents  and  that  the  rise  in  the  acidity  comes 
sooner  and  the  stomach  empties  quicker  when  "copious"  water  is 
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ingested  with  the  meal.  This  occurred  in  every  case  in  this  one 
individual. 

This  experiment  was  repeated  on  (Mr.  F.  V.)  a  gastric  fistula,  case. 
The  meal  consisted  of  bread ,'  potatoes  and  coarsely  ground  meat 
mixed  with  milk  to  the  consistency  of  a  "mush,"  300  cc.  of  this  mix- 
ture being  injected  into  the  stomach  via  the  fistula.  The  amounts  of 
water  injected  after  the  injection  of  this  food  mixture  were  150  cc. 
and  450  cc.    The  following  table  shows  four  typical  results  obtained. 

The  interchanging  of  the  150  cc.  and  450  cc.  water  meals  eliminates 
the  possibility  of  a  misinterpretation  of  the  results.  Mr.  F.  V.  reports 
from  personal  observation  that  when  he  puts  water  into  his  stomach 
"the  food  leaves  quicker."    These  results,  shown  in  tabic  3,  not  only 

TABLE  I 
Influtnct  of  trattr  drinking  with  th»  mtal  on  acidity  and  implying  tint 


hul    j     U0  «•.  HiO  * 


~l 


III 


idity  |         Kinptyni* 


•S7jll2   1  hr.  25  it 
III     102  120    1  hr.  30  n 
S110    1  hr.  30  tr 
95117J  1  hr.  45  nr 
901121  2hra. 


92122!  1  hr.  10  min 
110127]  1  hr.  ISmiu. 
I  97J125  1  hr.  Omin. 
I00JI22  1  hr.  30  mio. 
112127!  1  hr.  40min. 
.  I      !      |  1  hr.  35  min. 


TOOcc.  used  instead  of  410m. 

700  cc.  used  instead  of  450  ec. 


*  Acidities  are  maximum. 

verify  the  subject's  observation,  but  practically  duplicate  the  results 
upon  subject  I  (table  2).  There  is  a  definite  increase  in  the  acidity 
and  a  noticeable  decrease  in  the  emptying  time  of  the  stomach  when 
the  larger  amount  of  water  was  taken  with  the  meal. 

Not  being  able  to  get  other  men  to  work  upon,  it  was  decided  to 
repeat  this  work  upon  dogs  and  cats.  The  dogs  were  studied  by  means 
of  gastric  and  duodenal  fistulas  and  the  cats  by  means  of  X-ray.  The 
eats  were  fed  50  grams  of  salmon  mixed  with  10  grams  of  barium 

1  On  two  da  yii  the  mm  I  (i  consisted  chiefly  of  meat,  Mr.  F.  V.  lubttituling  thin 
without  my  knowledge.  The  emptying  lime  of  each  meal  with  large  and  imtll 
amounts  of  water  was  two  hours.     In  other  tests  the  above  meal  was  strictly 
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sulphate.    The  dogs  were  fed  160  grams  of  finely  ground  cooked  meat 
mixed  with  50  cc.  of  water. 

The  first  gushes  of  gastric  contents  appeared  in  from  15  to  45  minutes 
after  the  ingestion.  Chyme  appeared  sooner  in  dog  I  and  later  in  dog 
IV.  The  time  for  its  appearance  was  fairly  regular  in  each  of  the  four 
dogs;  in  dog  I,  15  to  20  minutes;  in  dog  II,  20  to  30  minutes;  in  dog 
III,  30  to  40  minutes;  and  in  dog  IV,  35  to  45  minutes.  Moritz  (0) 
and  Cannon  (10)  observed  that  the  exit  began  about  three-quarters  of  "• 
an  hour  after  feeding,  while  Cohnheim  and  Xang  (12)  report  that  the 
exit  begins  in  15  minutes.  Cannon  explains  the  discrepancy  to  a  dif- 
ference in  the  consistency  of  the  food.  But  here  food  of  the  same 
consistency  was  fed  to  four  dogs  and  each  showed  a  different  exit  time. 


Influence 

TABLE  * 
af  water  drinking  with  the  meal  on  acidity  and  emptying  time 

SO  cc.  HjO  with  iiu, 

400  cc.  BiO  with  aiu 

~. 

Acidity 

E.nptyh* 

Acidity 

Emptytni 

— — 

Pna 

ToUl 

Time 

F» 

ToUl 

Tim. 

I 

II 
III' 

IV 

100 
77 
80 
75 

132 
122 
120 
117 

3hr. 
31  hr. 
3)hr. 
4hr. 

105 
85 
80 
82 

137 
125 

120 
122 

2J  hr. 
3hr. 

31  hr. 
3J  hr. 

This   dog    two    out  of  six 
trial*     shoved     do     de- 
creased emptying 

*  This  dog  in  no  instance  showed  a  decreased  emptying  time  witnwueo.  n,u. 
The  dog  may  not  hare  responded  to  water  stimulation.    It  died  before  this  could 


Might  not  the  discrepancy  in  the  results  of  Cohnheim-Lang  and  Morits- 
Cannon  be  explained  by  an  individual  variability  in  the  exit  time  of  the 
stomach  in  the  dogs  they  worked  upon? 

The  results  obtained  upon  the  cats  were  variable  and  unsatisfactory 
and  do  not  warrant  consideration. 

These  observations  upon  dogs  and  man  suggest  that  the  emptying 
time  of  the  stomach  is  decreased  by  the  ingestion  of  "copious"  amounts 
of  water  with  the  meals.  This  confirms  Cannon's  (10)  and  Hedblom's 
observation  that  "the  dilution  of  the  protein  food  tends  toward  a  more 
rapid  discharge  of  the  protein  from  the  stomach."  Attention  must  be 
called  to  the  fact  that  in  the  experiment  upon  the  dogs  the  water  and 
meat  was  mixed  before  feeding  while  in  man  the  water  was  taken  at 
intervals  during  the  meal,  which  would  have  a  tendency  to  mix  the 
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food  and  water  and  to  retard  the  emptying  of  water  from  the  stomach 
which,  according  to  Cohnheim  (12),  does  not  take  place  during  diges- 
tion. On  this  point,  however,  the  literature  doea  not  agree  aa  Leven 
and  Barret  (13)  have  found  that,  although  water  empties  rapidly  from 
the  resting  stomach,  the  discharge  of  water  from  the  stomach  when 
taken  with  food  n  retarded.  Groebbela  (14)  states  that  bread  fol- 
lowed by  water  shortens  the  time  of  the  digestion  of  the  bread.  Gabri- 
lowitch  (14)  states  that  when  water  is  mixed  with  meat  the  water 
passes  out  and  the  meat  follows  the  customary  digestion. 

The  following  table  shows  the  results  obtained  for  the  discharge  of 
400  cc.  HiO  from  the  empty  and  full  stomach. 

TABLE  I 
Emptying  *«'"*•  of  wattr  when  foes*  into  tnpty  and  fuU  itomark 


45  mill. 

55  min. 

lhr. 

1  hr.  15  min. 


1  hr.  20  min.  i  1  hr. 
1  hr.  15  min.  1  hr. 
1  hr.  45  min.         1  hr.  25  a 


Time  in  taken  when  400  cc.  of  fluid  were  obtained  from  the  fistula.  This, 
of  course,  contained  particle*  of  food  and  some  gastric  juice. 

Three  tests  were  made  in  each  dog.  The  400  cc.  of  water  were  given 
directly  after  the  meat.  Without  delay  water  came  from  the  duodenal 
fistula,  but  did  not  "  pour"  through  the  fistula  as  described  by  Cohn- 
heim (12).  It  did,  however,  come  in  copious  gushes  of  from  10  to  20 
cc.  which  gradually  decreased  in  quantity. 

The  above  experiment  was  repeated  upon  Mr.  P.  V.,  a  gastric  fistula 
case.  The  normal  emptying  time  of  450  cc.  of  HtO  from  the  empty 
stomach  of  this  man  was  15  to  20  minutes.  When  the  same  amount 
of  water"  (450  re.)  was  put  into  the  fttomach  containing  food  the  empty- 
ing time  of  the  water  from  the  Rtomarh  was  40  minutes,*  as  shown  by 

*  It  waa  impossible  to  make  aa  accurate  observation*  here  aa  were  made  in 
the  dogs.  A  judgment  had  to  be  made  from  the  ease  with  which  the  aample  waa 
obtained  from  the  stomach  and  from  the  absence  of  food  In  this  sample  In 
oollectinf!  the  samples  Mr.  F.  V.  places  a  small  stiff  rubber  lube  through  the 
larger  rubber  tube,  which  in  always  kept  in  place;  he  then  leans  forward  and  the 
contents  run  out  through  the  stiff  rubber  tube. 
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the  average  of  five  tests.    In  other  words,  with  food  in  the  stomach 
the  emptying  of  450  cc.  of  water  was  retarded  25  minutes. 

The  observations  upon  these  dogs  and  upon  Mr.  F.  V.  support  Leven 
and  Barret's  findings.  There  is  always  retardation,  but  the  degree 
varies  in  different  dogs  and  to  a  less  extent  in  the  same  dog.  This 
retardation  in  the  emptying  time  of  the  water  is  unquestionably  caused 
by  the  water  mixing  with  the  food,  rendering  the  food  more  dilute. 
This  being  the  ease,  then,  the  decreased  emptying  time  of  the  stomach 
with  "copious"  water  with  the  meal  is  due  to  the  dilution  of  the  stom- 
ach contents,  facilitating  digestion  and  evacuation, 

EMPTYING  TIME  OP  WATER  FROM  THE  EMPTY  STOMACH 

The  emptying  time  of  water  in  those  four  dogs  varied  from  30 
minutes  to  1  hour.  It  varied  slightly  from  time  to  time  in  the  same 
dog.  The  water  began  to  enter  the  intestine  practically  as  soon  as  it 
reached  the  stomach,  i.e.,  5  to  10  seconds  after  it  was  introduced  per 
os  or  per  gastric  fistula.  In  every  dog  it  passed  from  the  stomach  in 
single  gushes  at  varying  intervals  of  from  10  to  30  seconds,  each  gush 
delivering  from  5  to  30  ce.  of  water.  These  gushes  as  to  time  seemed  to 
occur  in  groups,  e.g.,  several  of  10  second  intervals  would  occur,  then 
several  of  15  seconds,  then  several  of  12  seconds,  and  between  these 
there  might  be  interposed  one  or  two  of  5  seconds,  or  of  30  second 
intervals.  There  was  evidence  of  rhythm.  The  gushes  became 
slower  as  the  stomach  became  empty.  The  water  during  the  first  few 
minutes  was  practically  neutral,  but  after  five  minutes  the  acidity 
ranged  from  .02  per  cent  to  .04  per  cent  and  increased  steadily. 

These  observations  confirm  those  of  Moritz  (9)  and  London  and 
Sulima  (11)  except  as  to  the  time  between  gushes.  They  report  that 
the  interval  between  gushes  is  too  short  to  be  accounted  for  by  peris- 
taltic movements.  But  from  the  observations  made  in  this  series  of 
experiments  the  gushes  could  easily  correspond  to  the  occurrence  of 
the  peristaltic  waves  or  stomach  contractions,  as  reported  by  Von 
Mering  (21)  in  1893.* 

In  man,  as  will  be  seen  from  table  6,  the  emptying  time  of  water 
rom  the  empty  stomach  also  varies.  In  normal  individuals,  enjoying 
perfect  health,  the  emptying  time  varied  from  400  cc.  in  15  minutes 
to  0  cc.  in  15  minutes.    The  cases  of  gastric  fistula,  gastric  ulcer  and 

'  I  believe  that  the  operative  technique  is  of  importance  in  explaining  the  con- 
flicting observations.  See  a  former  paper  for  a  description  of  the  methods  used 
in  making  the  duodenal  fistula.     (This  Journal,  1918,  xlvi,  340.) 
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gastroenterostomy  emptied  360  cc.  in  15  minutes.  The  rate  of  empty- 
ing generally  does  not  vary  more  than  40  cc.  per  15  minutes  period 
in  the  same  individual  when  400  cc.  are  drunk.  There  was  one  excep- 
tion to  this,  however,  occurring  in  subject  W,  table  6. 


Gattric 

stimulation  by  uraUr  in  twenty  m*rt.     Drinking  i00  cc.  11,0 

s.-s 
Hit 

eS 

es« 

it 
is 

■it 

p 

s°|l 

:El 

a 
| 

300 

Isl 

las 

|5SI 

I 

25.0 

60  0 

Similar  response  to  Ewald  test  meal 

K.N. 

280 

30.0 

70.0 

Similar  response  to  Ewald  l«at  meal 

H. 

270 

55.0 

95.0 

Similar  response  to  Ewald  teat  meal 

H. 

340 

45.0 

115.0 

M. 

300 

47.6 

82.5 

S. 

200-230 

7.0-22.6 

52.5 

Similar  response  to  Ewald  teat  meal 

K. 

355 

20  0 

55.0 

Similar  response  to  Ewald  teat  meal 

Se.* 

400* 

35.0 

55.0  65.0 

Similar  response  to  Ewald  test  meal 

Mb. 

300 

37.5 

67  0 

N. 

190 

10.0 

22.5 

Responded  to  Ewald  meal.    Total  aridity 

40 
Quite  variable:  Hii  testa  ware  made  upon 

W. 

110-220 

10.0-17.6 

17.5-47.5 

this  person. 

*' 

100 

10  0 

20.0 

Responded  to  Ewald  meal.    Total  acidity 

50 
Responded  to  Ewald  meal.    Total  acidity 

L.K. 

170 

37  6 

45  0 

50  to  00 

0. 

150 

35.0-60.0 

40.0-550 

Responded  to  Ewald  meal.     Total  acidity 

30  to  60 

<:. 

140 

35.0 

37.5 

(ir. 

130 

27.5 

32  5 

Responded  to  Ewald  meal.    Total  aridity 
50  to  55 

F. 

35 

800 

05 

(laetric  fistula 

Ml 

30 

800 
(Contenia) 

105 

Gastric  ulcer 

T. 

300-400 

40 

30 

Free  ucidity  10 — (laslric  carcinoma 

J. 

40 

• 

70 

Gaatro-enteroiitomy,  7  years  standing 

'  This  subject  would  withdraw  from  his  stomach  alter  drinking  400  cc.  of 
water  lat  the  end  of  15  minutes)  415  to  420  cc.  of  contents.  In  other  words 
withdrew  from  his  stomach  after  15  minutes  more  fluid  than  he  put  Into  it. 
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Holyknecht  (16)  states  that  200  cc.  of  water  are  evacuated  in  60 
minutes,  and  Kastle  (17)  gives  70  minutes  as  the  emptying  time  for 
the  same  amount.  Ernst  (18),  Waldeyer  (19)  and  Kauffman  (20) 
have  produced  evidence  of  a  "Rinne"  or  trough  in  the  lesser  curvature, 
which  was  also  pointed  out  by  Cohnheim  (12),  in  case  the  stomach 
contains  food.  Scheunert  (22)  from  experiments  on  the  horse's  stom- 
ach states  that  liquid  in  the  distended  stomach  penetrates  along  the 
gastric  wall.  Von  Mering  (21)  reports  that  practically  500  cc.  of 
water  are  emptied  from  the  stomach  in  15  minutes.  Bergeim,  Refuss 
and  Hawk  (6)  cite  one  case  in  man  in  which  500  cc.  of  water  left  the 
stomach  in  from  10  to  20  minutes.  Such  marked  discrepancies  in  the 
literature  are  apparently  explained  by  the  wide  range  in  individual 
variability  pointed  out  by  the  series  of  results  in  this  study  on  man  and 
dog. 

That  water  leaves  the  stomach  much  sooner  than  milk  or  food  can- 
not be  questioned;  but  it  is  not  emptied  as  fast  as  Cohnheim's  and 
Von  Mering's  observations  would  lead  one  to  believe.  As  judged 
from  this  series  the  emptying  of  water  from  the  normal  human  stom- 
ach varies,  conservatively,  from  400  cc.  to  100  cc.  in  15  minutes. 

GASTRIC   STIMTJLATION   Br  WATER.      MAN 

It  has  been  shown  by  Bergeim,  Refuss  and  Hawk  (6)  that  the  human 
stomach  is  stimulated  by  water  and  further  they  report  that  "in  the 
average  normal  individual  water  produces  fully  as  great  a  stimulation 
as  does  the  Ewald  test  meal."  While  studying  the  gastric  secretion  of 
several  normal  men,  it  was  observed  that  some  of  these  failed  to  re- 
spond, or  responded  but  poorly,  to  gastric  stimulation  by  water  and 
that  these  stomachs  emptied  water  fast  as  compared  to  those  that  gave 
a  marked  response  to  stimulation  by  water.  This  observation  has 
been  extended  and  study  has  been  made  of  the  gastric  secretion  of 
twenty  men,  seventeen  of  them  reporting  normal  gastric  histories. 

Methods.  All  of  the  tests  were  made  in  the  morning  before  any  food 
had  been  ingested  and  from  two  to  three  hours  after  the  last  drink  of 
water.  The  stomach  was  emptied,  the  continuous  secretion  taken 
for  two  or  three  15  minute  periods,  400  cc.  of  cool  tap  water  were 
drunk,  the  stomach  completely  emptied  after  15  minutes  and  every 
15  minutes  thereafter  for  2  hours.  The  stomach  was  not  emptied  at 
the  end  of  15  minutes  if  the  results  were  to  be  compared  with  an  Ewald 
meal,  in  which  case  samples  were  withdrawn  for  analysis.  At  least 
three  tests  were  made  upon  each  individual. 
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Figures  1  to  7  inclusive  show  the  type  of  stimulation  resulting  in 
some  of  my  subjects.  In  table  6  is  recorded  a  summary  of  abstracted 
results  of  the  emptying  time  of  water  from  the  empty  stomach  and 
the  resulting  stimulation  in  each  of  the  twenty  subjects  studied. 

The  liquid  taken  from  the  stomach  15  minutes  after  drinking  was 
generally  bile-tinged  (Gmelin's  test),  indicating  either  that  some  of  it 
came  from  the  intestine  or  that  bile  was  regurgitated  as  the  stomach 
was  emptied  for  the  bile  appeared  in  the  last  portion  withdrawn.  The 
amount  of  liquid  drawn  from  the  stomach  never  varied  more  than  40 
cc.  in  the  same  individual.    It  was  observed  that  on  warm  days  the 
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Fig.  1.  MuirtwU  were  performed  upon  this  subject.  The  rmponae  lo  w»t»r 
Taried  but  little  sad  iu  practically  tbe  iime  u  wu  obtained  with  an  Ewald 
Mat  meal.  On  an  average  300  oc.  of  water  ware  taken  from  his  stomach  at  the 
and  of  IS  minutes;  400  ee.  wars  emptied  in  1  hour. 

water  left  the  stomach  quicker.  This  factor  was  controlled  as  well  as 
possible.  The  mechanism  of  this  observation  was  not  studied.  That 
the  stomach  was  empty  was  always  verified  by  blowing  into  the  tube; 
if  bubbles  were  felt,  the  stomach  was  not  empty;  if  a  swelling  sensation 
was  experienced,  the  stomach  was  empty.  During  the  time  of  aspira- 
tion the  body  was  rotated  so  that  the  tip  of  the  tube  would  lie  in  the 
most  dependent  portion  of  the  stomach  cavity 

The  results  upon  the  normal  individuals  indicate  that  the  stimula- 
tory power  of  water  in  tbe  human  stomach  varies  noticeably  with 
different  individuals,  some  responding  markedly  and  others  practically 
not  at  all.     It  is  also  apparent  that  (how  stomachs  which  empty  the 
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Fig.  2.    This  subject,  K.  N.,  always  showed  marked  stimulation  to  water 
On  the  average  280  co.  were  taken  from  his  stomach  at  the  end  of  15  minutes 
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Fig.  3.    The  response  here  is  also  marked;  350  co.  were  taken  from  n 
neb  at  the  end  of  15  minutes. 
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water  quickly  do  not  respond  to  stimulation  by  water.  Hie  amount 
of  water  regained  from  the  stomach  after  15  minutes  seems  from  the 
data  in  this  study  to  be  diagnostic  of  whether  stimulation  will  occur 
or  not.     Bergeim,  Refuss  and  Hawk  (6),  however,  report  a  marked 
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Fig.  4.  This  subject  N  shorn  practically  no  response  to  water,  yet  be  give*  a 
total  acidity  of  40  with  the  Ewald  test  meal  at  the  end  of  an  hour.  Only  100  cc 
of  water  were  obtained  from  hia  stomach  at  the  end  of  16  minutes. 


Fig.  6.  This  subject  C  shows  practically  no  response  to  water;  100  ce.  were 
obtained  from  his  stomach  at  the  end  of  IS  minutea.  He  gars  a  total  acidity  of 
50  to  an  Ewald  meal  at  the  end  of  1  hour. 


response  in  one  person  who  emptied  500  cc.  in  10  to  20  minutes  which 
would  be  quite  an  exception  to  my  results,  except  in  the  pathological 
cases  I  present.  These  investigators,  on  the  other  hand,  did  not 
measure  the  continuous  secretion  previous  to  the  ingestion  of  the  water, 
which  questions  the  validity  of  such  a  stimulation. 
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LATENT  PERIOD  OF  THE  HUMAN  GASTRIC  GLANDS  WHEN  STIMULATED   BY 
WATER 

Pavlov  has  shown  that  in  dogs  the  latent  period  of  the  gastric  glands 
when  stimulated  by  water  is  5  minutes.  This  has  been  confirmed  in 
this  laboratory  by  Dr.  G.  F.  Sutherland  and  myself,  working  separately. 
The  latent  period  may  be  as  long  as  15  minutes.     Bergeim,  Refuse  and 
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Figs.  6  and  7.  In  subject  W  there  was  quite  a  noticeable  variation  in  the  empty- 
ing time.  Figure  6  shows  the  gastric  response  when  220  oc.  were  taken  from  his 
stomach  at  the  end  of  15  minutee  and  figure  7  shows  the  response  when  110  ce. 
were  taken  from  his  stomach  at  the  end  of  16  minutes. 

Hawk  (6)  working  upon  one  man  state  that  "it  was  impossible  to  dem- 
onstrate any  latent  period  for  the  human  gastric  glands."  As  some 
observations  in  the  series  of  men  suggested  that  there  was  a  latent 
period  and  as  Bergeim  and  his  colleagues  in  their  experiment  did  not 
take  into  consideration  the  continuous  secretion  of  the  stomach  and 
used  water  for  a  lavage  just  before  using  it  for  a  stimulus,  it  was  decided 
to  investigate  the  correctness  of  their  conclusion. 
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It  may  be  seen  from  the  graphs  in  part  3  that  the  residuum  is  gen- 
erally lower  in  acidity  than  the  continuous  secretion,  due  as  suggested 
by  Doctor  Carlson  to  dilution  by  saliva  and  neutralisation  by  ammonia 
(24).  Bo  the  acidity  of  the  rceiduum  cannot  be  taken  as  the  acidity 
of  the  continuous  secretion.  In  this  series  of  experiments,  then,  the 
stomach  was  emptied,  the  continuous  secretion  taken  for  three  periods, 
400  cc.  of  water  were  drunk  and  pumped  out  simultaneously.  This 
never  took  more  than  1}  minute.  The  stomach  was  then  emptied 
completely  every  minute  for  10  minutes  and  then  every  5  to  10  min- 
utes for  1J  hour.  These  experiments  were  done  upon  three  men,  in 
two  by  means  of  the  stomach  tube,  the  third  being  a  gastric  fistula 
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case  (Mr.  F.  V.  )  (23).  Three  tests  were  made  upon  the  same  indi- 
vidual. Figures  8,  9,  10  show  typical  results  upon  the  three  men  used. 
These  graphs  (figs.  8,  9,  10)  show  that  there  is  a  latent  period  of 
from  5  to  10  minutes  when  the  human  gastric  glands  are  stimulated 
by  water,  which  corresponds  to  Pavlov's  findings  in  the  dog.  In 
subject  I  the  latent  period  for  meat  broth  was  5  minutes.  In  subject 
F.  V.  the  latent  period  of  the  psychic  secretion  is  from  4  to  7  minutes. 
(Sec  Carlson:  Control  of  hunger  in  health  and  disease,  Chicago,  1916). 
It  is  apparent  from  figures  9  and  10  how  absence  of  a  latent  period 
could  be  mistaken,  if  the  acidity  of  the  residuum  was  taken  as  the 
aridity  of  the  continuous  xecretion. 
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GASTRIC    GLANDULAR    FATIGUE 

Foster  and  Lambert  (5)  from  the  results  of  some  of  their  e 
suggest  the  presence  of  gastric  gland  fatigue.  Bergeim,  Refuss  sod 
Hawk  (6),  using  water  as  a  stimulant,  state  that  "it  is  impossible  to 
demonstrate  any  pronounced  glandular  fatigue  in  the  human  stom- 
ach." In  this  study  an  attempt  has  been  made  to  fatigue  the  gastric 
glands  of  man  and  dog  by  stimulating  with  water  and  by  the  use  of 
gastrin.  Observations  have  also  been  made  upon  the  possibility  of 
fatiguing  the  psychic  secretion. 

TABLE  7 

Qatlrte  itimulation  by  wafer  at  two  hour  inUrtali 
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70 

85 

9 
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food   sod   water   for   24 

2.00 
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75 

87 

12 
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hour*    pre  now    to    ex- 

4.00 

13 

67 
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11 
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periment 

6  00 
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85 
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11  5 
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82 

12 

92 

115 

10  00 

12  5 

72 

80 

10 

90 
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*  ContiDiiona  secretion  Ukcn  from  8.00  to  10.00  em. 

Id  the  first  series  of  experiments  700  cc.  of  water  were  drunk  at 
intervals  of  2}  hours  for  a  period  of  10  hours.  The  stomach  was  com- 
pletely emptied  at  the  end  of  15  minutes.  The  gastric  juice  was  col- 
lected every  16  minutes  and  titrated  for  free  and  total  acidity.  Figure 
11  shows  the  result  of  this  procedure. 

No  evidence  of  gastric  gland  fatigue  is  manifested  in  the  results 
obtained,  of  which  figure  11  is  a  typical  example. 

Table  7  shows  the  results  upon  two  does,  400  cc.  of  water  being 
given  at  2  hour  intervals  over  a  period  of  10  hours. 

There  is  no  evidence  of  glandular  fatigue  when  the  stimulation  is 
produced  by  water. 
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It  was  next  decided  to  attempt  to  produce  fatigue  of  the  gastric 
glands  by  injecting  gastrin4  every  2  hours  over  a  long  period  of  time. 
One  cubic  centimeter  of  gastrin  was  injected  every  two  hours  with 
the  results  shown  in  tables  8  and  9. 

'  Dr.  F.  C.  Koch  kindly  furnished  me  with  the  gastrin  used  in  these 
experiments. 
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Acidity  lower  than  normally 
Dog  had  been  kept  from  food 
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to  experiment 
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3.00 
4.00 
6  00 
3  00 
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2.00  a.n 
4.00 
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'  Normally  the  tint  hour  of  the  mral  produced  12  cc.  of  juice  with  free  acidity 
of  90  and  a  tola!  aridity  of  115.  The  dog  appeared  to  be  very  tired  and  did  not 
eat  with  her  normal  degree  of  appetite. 


Meal*  12  00-1.00  I  10 
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Tables  8  and  9  are  interpreted  to  mean  that  there  is  no  fatigue  of 
the  gastric  glands  when  stimulated  by  gastrin  over  a  period  of  26 
hours.  The  slight  reduction  shown  in  table  9  is  not  significant  because 
of  the  bleeding  and  the  decrease  in  the  acidity  with  the  meal  as  com- 
pared with  the  normal  is  easily  accounted  for  by  the  lack  of  relish  of 
the  food  which  was  very  manifest.  This  experiment  is  to  be  extended 
further.  From  the  data  obtained  up  to  the  present  time  the  conclusion 
is  warranted  that  the  gastric  glands  are  not  fatigued  by  the  continuous 
stimulation  of  gastrin  during  a  period  of  24  hours.  Such  a  positive 
result  is  especially  significant  as  during  this  period  240  cc.  of  juice  were 
secreted  by  this  method  of  chemical  stimulation,  although  the  dog 
had  not  had  any  water  for  48  hours  and  had  been  kept  in  the  stock 
during  the  period  of  collection. 

GENERAL  DISCUSSION 

The  question  arises  as  to  how  this  stimulation  by  water  is  produced. 
That  the  stimulation  is  not  due  to  "the  prolonged  and  widespread 
contact"  of  water  with  the  gastric  mucosa,  as  suggested  by  Pavlov,  is 
shown  by  the  stimulation  occurring  when  the  water  is  in  contact  with 
the  mucosa  only  1}  minute.  Without  deliberating  one  might  explain 
by  Pavlov'fi  theory  the  results  given  in  table  6,  in  which  those  stomachs 
that  emptied  water  slowly  gave  the  greatest  response  to  stimulation 
by  water.  But  it  seems  that  the  facts,  as  observed  in  this  work,  sup- 
port the  theory  advanced  by  Carlson,  Orr  and  Brinkman  (8)  who 
suggest  that  "the  water  washes  traces  of  gastric  secretogogues  into 
the  intestine,  where  they  are  absorbed  and  act  on  the  gastric  glands 
via  the  blood."  For  example,  when  water  was  put  into  the  stomach 
and  pumped  out  simultaneously  5  to  10  cc.  were  always  lost,  which 
could  only  be  accounted  for  as  having  been  emptied  into  the  intestine 
along  with  gastric  secretogogues  from  the  stomach.  The  latent  period 
of  5  to  10  minutes  also  suggests  that  such  a  mechanism  exists.  The 
observations  made  upon  the  relation  of  the  emptying  time  of  the  stom- 
ach for  water  and  gastric  stimulation  by  water  are  bIbo  explained  by  this 
theory.  For  one  would  expect  the  secretogogues  to  be  present  in  a 
higher  concentration  in  the  slow  emptying  than  in  the  fast  emptying 
stomach,  as  in  the  former  there  would  be  more  time  for  digestion  of 
mucin,  food-remnants  and  of  the  proteins  of  the  gastric  juice  and 
mucosa.  Hence  one  would  expect  a  greater  stimulation  by  water  in 
the  slow  emptying  than  in  the  fast  emptying  stomach.    The  fact  that 
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fatigue  of  the  gastric  glands,  when  stimulated  by  water,  cannot  be 
demonstrated  is  due  to  the  formation  and  collection  of  secretogogues 
in  the  rugae  of  the  stomach,  which  are  washed  out  by  the  successive 
ingestions  of  water,  these  ingestions  of  water  being  far  enough  apart 
to  allow  the  formation  of  secretogogues  in  the  meantime.  The 
glands  not  being  fatigued  by  gastrin,  they  would  not  be  fatigued  by 
secretogogues. 

The  dilution  of  the  blood,  as  has  been  suggested,  cannot  be  a  basic 
factor  in  gastric  stimulation  by  water  for  stimulation  results,  as  shown 
by  experiments  on  the  latent  period,  when  practically  no  water  (not 
more  than  10  cc.)  is  absorbed. 

Whether  or  not  the  drinking  of  400  cc.  of  water  could  be  substituted 
for  the  Ewald  meal  in  practice  is  an  open  question  and  will  continue  to 
be  until  a  large  series  of  observations  has  been  made  upon  both  patho- 
logical and  normal  individuals.  According  to  the  series  presented  in 
this  paper,  one  would  be  led  to  believe  that  the  Ewald  meal  cannot  be 
substituted  by  water,  because  those  individuals  that  responded  but 
poorly  to  stimulation  by  water  gave  almost  the  normal  response  to  an 
Ewald  meal  in  every  instance. 

Further  it  is  apparent  from  the  curves  shown  in  this  paper  that  in  all 
studies  of  gastric  secretion,  normal  or  pathological,  experimental  or 
clinical,  the  continuous  secretion  must  be  studied  and  taken  into 
account.  The  stomach  contents,  or  residuum,  is  not  a  true  index  of 
the  continuous  secretion. 

One  is  not  surprised  to  find  marked  discrepancies  in  the  literature 
upon  the  emptying  time  of  the  stomach  for  both  food  and  water  when 
the  marked  normal  individual  variations  are  considered  along  with  the 
many  factors,  both  psychic  and  constitutional,  that  influence  the  ac- 
tivity and  functioning  of  the  organ.  And  it  is  evident  from  the  obser- 
vations made  upon  the  twenty  men  in  this  series  that  the  statements 
published  in  textbooks  of  physiology  on  the  very  rapid  rate  of  the 
emptying  of  water  from  the  stomach  (500  cc.  in  15  minutes)  are  mis- 
leading and  false. 

As  to  gastric  glandular  fatigue  it  is  only  reasonable  to  believe  that 
as  long  as  the  normal  gastric  glands  are  supplied  by  the  blood  with 
the  normal  quality  and  quantity  of  constituents  that  form  the  gastric 
juice  no  fatigue  will  be  observed,  but  as  soon  as  the  blood  fails  to 
supply  these  necessary  constituents  a  change  in  the  normal  character 
of  the  gastric  juice  will  occur.  Even  then  it  cannot  be  said  that  the 
glands  are  fatigued,  but  have  only  t>een  deprived  of  the  raw  product* 


d  by  Google 


STUDIES  IN   WATER   DRINKING  441 

necessary  for  their  normal  functioning.  The  results  of  the  experi- 
ments on  the  question  of  gastric  glandular  fatigue  seem  to  bear  out 
this  idea.  And  it  only  remains  to  ascertain  how  long  the  secretion  can 
be  continued  before  the  necessary  constituents  in  the  blood  for  the 
formation  of  gastric  juice  are  depleted  enough  to  produce  a  change  in 
the  normal  character  of  the  gastric  juice,  no  food  or  water  being  sup- 
plied to  prevent  the  depletion. 

CONCLUSIONS 

1.  The  ingestion  of  water  with  the  meals  (400  to  800  cc.)  increases 
the  amount  and  the  free  and  total  acidity  of  the  gastric  juice. 

2.  The  ingestion  of  water  with  the  meals  decreases  the  emptying 
time  of  the  stomach,  due  to  the  dilution  of  the  stomach  contents. 

3.  Food  in  the  stomach  retards  the  evacuation  of  water. 

4.  The  emptying  time  of  water  from  the  normal  human  stomach 
varies,  conservatively,  from  400  cc.  to  100  cc.  in  15  minutes. 

5.  The  manner  of  the  discharge  of  water  from  the  dog's  stomach  is, 
according  to  the  observations  upon  four  dogs,  rhythmic  and  could  very 
possibly  correspond  to  peristaltic  waves.' 

6.  All  stomachs  do  not  respond  to  stimulation  by  water,  there  being 
a  marked  variation  in  different  individuals.  Those  stomachs  that 
empty  water  slowly  (150  cc.  or  less  in  15  minutes  when  400  cc.  are 
drunk)  respond  much  more  than  those  that  empty  water  fast.  From 
the  observations  in  this  study  water  cannot  be  substituted  for  the 
Ewald  meal.  * 

7.  The  latent  period  of  the  gastric  glands  of  man  when  stimulated 
by  water  is  from  5  to  7  minutes. 

8.  It  was  impossible  to  demonstrate  a  fatigue  of  the  gastric  glands 
when  stimulated  by  water  or  by  gastrin  for  a  period  of  10  to  26  hours. 

The  writer  desires  to  express  his  indebtedness  to  Doctors  Luckhardt 
and  Carlson  for  their  valuable  suggestions. 

*  In  A  personal  communication,  Dr.  A.  B.  Luckhardt  stated  that  this  observa- 
tion corroborates  his  findings  upon  which  he  has  more  definite  data  to  be  pub- 
lished later  and  which  is  referred  to  in  a  recent  article  by  Dr.  Carlson  in  this 
Journal,  xlv,  87. 
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therefore  left  unfed  during  this  period  of  readjustment.  As  soon  a.-* 
they  nibbled  eagerly  at  &  bag  containing  minced  earthworms,  experi- 
mentation could  proceed.  The  fish  were  kept,  in  some  cases  as  Ions; 
as  five  months,  in  good  physical  and  experimental  condition  by  feed- 
ing each  individual  daily  half  of  a  living  earthworm. 

The  method  chiefly  employed  in  these  experiments  was  thesanw  aa 
that  of  Parker  ('10,  '11)  and  of  Parker  and  Sheldon  ('12),  vis.,  the  sus- 
pending—ma  taak  containing  the  fish—  of  cheesecloth  bags  in  which  were 
concealed  the  materials  to  be  tested.  In  a  few  cases  the  bags  were 
attached  to  wires  hanging  from  a  wooden  frame  but  after  the  discovery 
of  the  exceeding  sensitivity  of  Amiurus  to  metal  rods  (Parker  and  van 
Heusen,  '17a),  cotton  strings  were  employed  in  their  place.  In  every 
trial  two  bags  were  used,  one  a  dummy,  containing  merely  a  wad  of 
cotton  weighted  with  a  small  stone,  the  other  the  test-bag,  exactly 
similar  in  appearance  to  the  dummy,  but  containing  some  substance  to 
be  tested  wrapped  within  the  cotton  wad.  Rarely  did  the  fish  bite  the 
dummy  (cf.  Parker,  '11),  yet  in  a  few  cases  thoe  individuals  which 
had  been  subjected  to  experimentation  for  several  months  would, 
during  a  trial,  give  two  or  three  nibbles  on  the  dummy,  but  this  oc- 
curred only  when  their  barbels  touched  the  dummy,  the  fishes  having 
been  roused  to  swim  by  a  stimulating  substance  in  the  test-bag,  which 
they  had  not  as  yet  located.  They  evidently  learned  to  associate 
olfactory  stimulation  with  the  presence  of  a  bag  containing  food  and 
whenever  they  discovered  any  such  bag  by  means  of  the  sense  of  touch 
in  their  barbels,  they  bit  at  it.  A  very  few  bites  on  the  dummy  were 
sufficient,  for  the  fish  would  then  resume  their  search  until  they  found 
the  test-bag  and  once  having  found  it,  the  numerous  bites  and  often 
vigorous  tussle  left  no  doubt  in  the  mind  of  the  observer  that,  from  the 
standpoint  of  olfactory  stimulation,  the  few  nibbles  on  the  dummy-bag 
might  be  disregarded.  If,  however,  the  test-bag  received  no  more 
attention  than  the  dummy,  via.,  an  occasional  feeble  bite,  by  a  long 
trained  fish,  this  was  taken  as  proof  that  the  substance  in  the  test-bag 
was  non-stimulating. 

Further  instances  of  the  ability  of  Amiurus  to  learn  were  afforded  by 
several  specimens  which  would  come  to  the  surface  of  the  water  to 
receive  bits  of  worm,  etc.,  from  the  forceps  or  fingers,  when  the  inves- 
tigator waved  his  hand  over  the  water.  These  fish  would  finally  nibble 
at  anything  presented  to  them  at  the  surface  of  the  water,  bare  forceps, 
finger,  paper,  even  pebbles,  but  when  dummy  and  test-bags  were  placed 
on  the  bottom  of  the  tank  and  the  disturbance  due  to  the  lowering  of 
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the  bags  bad  ceased,  the  fish  bit  at  the  test-bag  only  when  it  contained 
some  substance  which  proved  to  be  also  stimulating  to  other  fish,  and 
paid  no  attention  to  the  dummy. 

In  some  cases,  e.g.,  with  blood,  the  test-bag  became  colored  and 
therefore  different  in  appearance  from  the  dummy;  but  upon  observa- 
tion it  was  quite  evident  that  sight  plays  little  part  in  the  food  reaction 
of  Amiurus  (cf.  Parker  and  Sheldon,  '12).  Herrick  ('02)  found  that 
catfish  did  not  "remember  the  color  of  cotton,"  and  a  small  piece  of 
brick,  the  color  of  raw  meat,  failed  to  attract  them  though  they  bit 
eagerly  upon  it  after  it  had  been  soaked  in  meat-juice.  In  the  present 
experiments  most  conclusive  evidence  upon  this  point  was  afforded  by 
the  behavior  of  blinded  fish  (eyes  totally  removed).  These  blind  fish 
appeared  to  become  aware  of  the  presence  of  food  even  more  quickly 
than  the  normal  fish,  perhaps  because  their  unceasing  restlessness  kept 
them  awake,  as  it  were,  and  receptive  to  stimulation  while  the  normal 
fish  at  rest — the  condition  at  the  beginning  of  each  experiment — were 
rather  sluggish  and  required  to  be  "awakened"  by  the  stimulus.  The 
blind  fish  located  food  in  practically  the  same  time  as  the  normal  fish. 
It  is  well  known  that  Amiurus  is  more  active  at  night  than  in  the  day 
(Parker  and  van  Heusen,  '17b),  being  in  nature  a  night  feeder  (Herrick, 
'02). 

A  test-bag  was  never  used  for  more  than  one  material,  a  new  bag 
and  fresh  cotton  being  substituted  at  each  trial.  If  a  material  proved 
to  be  stimulating  to  a  fish,  the  water  in  the  aquarium  was  changed 
after  the  trial,  the  aquarium  scrubbed  and  rinsed  and  another  trial 
was  not  made  until  at  least  two  hours  had  elapsed. 

The  two  bags  were  let  down  as  gently  as  possible  into  the  tank  while 
the  fish  were  at  rest.  This  could  generally  be  accomplished  without 
disturbing  the  fish  further  than  momentarily  decreasing  their  rate  of 
respiration.  When  a  test-bag  containing  a  stimulating  substance, 
such  as  minced  earthworms,  was  placed  some  eight  inches  from  the 
head  of  a  fish,  the  following  sequence  of  reactions  usually  occurred: 
(1)  The  respiration  rate  returned  to  qormal  after  about  one  minute, 
i.e.,  to  what  it  was  before  the  disturbance  created  by  the  lowering  of 
the  bags.  (2)  After  remaining  normal  for  about  two  minutes,  the 
rate  of  respiration  increased.  (3)  The  large  barbels  at  the  comers  of 
the  mouth  would  then  begin  to  twitch,  (4)  and  after  a  very  few  seconds 
the  fish  would  give  a  huge  gulp,  (5)  lunge  forward,  apparently  spas- 
modic, and  (6)  finally  swim  about  searching  along  the  bottom  of  the 
tank.    If  the  dummy-bag  alone  was  placed  in  the  tank  there  was  no 
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such  behavior,  the  fish  often  remaining  motionless  for  ten,  fifteen  or 
sometimes  thirty  minutes.  The  time  elapsing  between  the  lowerinfc 
of  the  bags  and  the  swimming  of  the  fish  varied  greatly  in  the  different 
trials  and  the  variation  seemed  to  be  due  as  often  to  the  individuality 
of  the  fish  as  to  the  nature  of  the  substance  tested.  Substance*)  only 
slightly  soluble,  such  as  dry  blood  albumin,  did  take  longer  to  reach  the 
fish,  though  when  this  particular  material  was  previously  soaked  in 
water  and  the  solution  absorbed  by  the  cotton  used,  the  reaction  time 
wan  the  same  as  for  other  substances,  viz.,  four  to  five  minutes, 

If,  during  the  first  fifteen  minutes  after  introducing  the  bags  into  the 
tank,  the  fish  reacted  to  the  material  in  the  test-bag  by  nibbling,  nosing 
the  bag  or  searching  vigorously  in  its  vicinity,  the  position  of  the  two 
bags  was  reversed  and  observations  were  taken  for  another  fifteen 
minute  period.  If,  however,  there  was  no  reaction  during  the  first 
fifteen  minutes,  the  bags  were  left  undisturbed  for  fully  thirty  minutes. 
Almost  never  did  a  trained  fish  fail  to  respond  to  a  simulating  sub- 
stance in  less  than  ten  minutes,  so  that  after  the  experimenter  had 
learned  the  characteristics  of  a  particular  fish,  fifteen  minutes  was 
often  enough  to  indicate  the  efficiency  of  a  substance  as  a  stimulating 
agent.  For  purposes  of  comparison  frequent  trials  were  nude  with 
bags  containing  minced  worm  and  unless  the  fish  reacted  readily  and 
vigorously  to  these  the  previous  sets  of  experiments  were  discarded. 

A  second  form  of  experiment,  employed  with  liquid  substances,  con- 
finned  the  results  of  experiments  with  bags.  Two  fish  were  placed  in 
shallow  dishes  of  water  and  when  they  had  become  perfectly  quiet  a 
pipetteful  of  the  liquid  to  he  tested  was  gently  released  above  their 
anterior  nasal  apertures.  If  worm-juice  or  other  stimulating  material 
was  used,  the  same  series  of  reactions  took  place  as  with  the  bags,  vis., 
increase  in  rate  of  respiration,  twitching  of  the  large  barbels,  a  gulp 
and  a  lunge  forward,  but  all  these  reactions  occurred  in  very  rapid 
succession.  When  a  non-stimulating  substance,  such  as  water,  was 
used,  the  fish  usually  showed  irregularity  in  their  rate  of  respiration 
but  no  other  response  followed.  If  the  anterior  nasal  apertures  of  the 
fish  were  closed  by  sewing  (Parker,  'ID,  the  only  reaction,  even  to 
worm-juice,  was  a  slight  change  in  the  respiration,  and  in  many  trials 
even  this  was  not  olwrvable. 

Table  1  gives  a  list  of  substances  used  in  preliminary  tests  and  their 
relative  values  as  Mi  inula  ting  agents.  To  determine  these  values  a 
record  was  taken  of  the  numlxr  of  bites  and  vigorous  nosings  made  by 
two  fi-h  during  thirty  minutes.     To  that  sulwtance  which  caused  the 
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greatest  number  of  bites  was  assigned  the  value  100,  and  the  others 
estimated  accordingly.  Since  some  thirty  different  pairs  of  fish  were 
used  in  the  experiments,  at  different  seasons  of  the  year,  and,  as  indi- 
cated above,  each  fish  seems  to  possess  more  or  less  of  an  individuality 


TABLE  i 

Effectiveness  of  various  materials  as  olfactory  stimuli  to  Amiurus  nebulosus — based 
on  the  number  of  bites  made  by  two  fish  during  half -hour  trials.  The  most 
stimulating  materials  are  graded  100  and  the  others  in  proportion 
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0 
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Dried 

^-t  t-ura. 

Frog's  eggs 

BLOOD 

15 

20 
30 
60 

60 

Human 

Beef  (fresh)... 
Beef (decayed] 
Worm 

75 

of  its  own,  and  all  could  certainly  not  have  been  in  exactly  the  same 
physiological  state  as  regards  food,  several  of  the  values  calculated  on 
the  basis  indicated  have  been  slightly  changed  in  order  to  make  the 
relative  values  consistent  throughout  all  the  tables. 
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3.  GENERAL  RESULTS 

It  has  been  intimated  that  this  fish,  Amiurus  nebulosus,  i*  more  of 
less  of  a  scavenger  and  it  is  a  tradition,  at  least  among  rural  fishermen, 
that  rankly  smelling  substances,  such  as  badly  decayed  meat  or  worms, 
are  even  better  bait  than  fresh  meat  and  fresh  worms.  Dean  ('90 
remarks  that  Amiurus  nebulosus  is  an  objectionable  neighbor  since 
fish  eggs  are  often  found  in  its  stomach.  "Nor  is  it  fastidious  in  its 
diet,  'from  an  angleworm  to  a  piece  of  tin  tomato  can',  it  bolts  them 
all.  .  .  .  Professor  Cootie  has  already  noted  the  attractiveness  of 
salt  mackerel  for  herring  bait."  Forbes  and  Richardson  ('08}  found 
that  the  food  of  this  fish  consisted  of  "small  bivalve  mollusks,  larvae 
of  insects,  distillery  slope  and  accidental  rubbish."  One  specimen 
contained  eighteen  leeches. 

An  examination  of  table  1  will  show  that  the  results  of  my  experi- 
ments rather  disagree  with  the  idea  of  " un-f astidiousness"  in  Amiurus 
nebulosus  in  its  choice  of  food.  With  the  exception  of  decaying  earth- 
worms, which  will  be  discussed  later,  no  putrefying  material  proved 
at  all  attractive  to  the  fish  nor  was  I  successful  in  getting  bites  or  even 
nosings  upon  bags  soaked  in  several  of  the  lower  amines,  though  they 
most  decidedly  possess  the  characteristic  odor  of  decaying  meat. 

The  difference  in  behavior  between  catfish  in  the  laboratory  and 
those  in  a  pond  or  river  is  readily  accounted  for  when  one  realises  that 
an  olfactory  stimulus  renders  the  fish  aware  of  food  and  releases  the 
impulse  to  seek  for  it,  but  that  the  food  itself  is  usually  located  by  the 
sense  of  touch  (and  perhaps  taste)  in  the  barbels  after  contact  with  it. 
In  the  tank  there  were  only  two  cloth  bags  to  interrupt  the  smooth 
glass  surface,  but  in  the  natural  habitat  of  the  fish  there  are  all  sorts  of 
objects  over  which  the  barbels  are  dragged.  A  very  "hungry"  fish 
will  often  nose  quite  inedible  things,  such  as  a  pebble,  and  in  one  case 
I  observed  a  fish,  which  had  been  roused  to  the  seeking  reaction  by  a 
bag  of  minced  worms,  take  into  its  mouth  its  own  faeces,  only  to  cast 
them  out  immediately.  So  in  nature  hungry  fish  may,  during  their 
restless  movements  at  night,  swallow  many  things,  e.g.,  salt  mackerel 
and  herring  bait  or  even  a  bit  of  tin  can,  which  do  not  stimulate  the 
sense  of  olfaction. 

But  since  human  saliva  proved  to  be  fairly  stimulating  to  the  fish, 
the  time-honort-d  custom  of  "spitting  on  one's  bait"  does  seem  to  be 
more  than  superstition,  and  perhaps  for  this  reason  may  receive  the 
sanction  of  science. 

Among  the  substance*  tested,  earthworms,  beef  liver  and  blood 
seemed  to  lie  the  most  promising  for  study. 
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4.  THE  COMPONENTS  OP  EABTHWOHM  MATERIAL  AS  STIMULATION  AGENTS 

It  was  rather  astonishing  to  find  that  a  living,  uninjured  earthworm, 
Lumbricus  terrestris,  although  carefully  wrapped  in  a  Wad  of  cotton 
and  so  tied  in  a  cheesecloth  bag  that  no  movement  was  discernible, 
should  be  discovered  as  quickly  by  Amiurus  and  should  prove  to  be 
practically  as  stimulating  as  small  pieces  of  chopped  fresh  worm  from 
which  the  blood  and  body-juices  could  readily  escape.  After  the  trials 
the  worms  were  carefully  examined  and  though  the  bags  had  been 
bitten,  often  as  many  as  thirty  times,  the  worms  were  found  to  be 
uninjured  and  their  epidermis  intact.  The  slime  thrown  off  by  Lum- 
bricus as  it  travels  unmolested  over  and  through  moist  cotton  is  only 
half  as  stimulating  as  the  worm  itself  but  if  a  specimen  on  cotton  is 
prodded  and  mauled,  though  not  so  severely  as  to  injure  its  epidermis, 
this  slime  is  equal  in  its  stimulating  power  to  the  worm  itself.  It  was 
noticed  that  when  the  worms  were  thrown  into  water  of  the  same  tem- 
perature as  that  in  which  the  fish  were  kept,  they  writhed  about  much 
like  the  prodded  worms  on  cotton.  It  seemed  therefore  that  the  ordi- 
nary products  of  the  slime  glands  were  not  responsible  for  this  attrac- 
tion of  the  fish  for  whole  worms,  but  that  some  further  secretion,  per- 
haps fluids  from  within  the  body-cavity  escaping  through  the  dorsal 
pores,  were  the  stimulating  agents.  A  quantity  of  ropy  slime  sufficient 
for  experimental  purposes  was  thrown  off  by  living  worms  placed  in 
water  at  28°  to  30°C.  or  in  dilute  (10  per  cent)  alcohol.  Such  slime, 
both  before  and  after  filtering,  is  exceedingly  stimulating  to  the  fish. 
Nevertheless,  when  this  fact  is  taken  into  consideration  with  the  results 
of  triala  on  human  saliva..  Necturus  slime,  Limax  and  frog's  eggs,  one 
might  naturally  infer  that  the  source  of  stimulation  in  these  materials 
is  that  chemical  substance  common  to  them  al',  mucin. 

The  glycoprotein,  mucin,  is  a  relatively  stable  protein,  not  coagulated 
by  heat,  soluble  in  dilute  alkali  and  precipitated  by  dilute  acid.  Slime 
from  one  hundred  living  earthworms  in  250  cc.  of  water  kept  at  30°C. 
for  thirty  minutes,  after  being  filtered,  twice  precipitated,  washed  and 
dissolved,  and  again  precipitated  and  washed,  yields  a  very  small 
amount  of  grey  slimy  mucin,  which  when  dried  can  be  ground  to  a 
dirty  yellow  powder  (cf.  Hammarsten,  '14,  p.  170).  This  dried  mucin 
does  not  dissolve  in  tap-water,  and  js  not  stimulating  to  Amiurus  in 
this  state.  But  even  when  dissolved  in  1/1000  M  KOH  (an  OH  con- 
centration which  is  not  stimulating  to  Amiurus),  it  caused  only  the 
slightest  reaction  on  the  part  of  a  few  fish  and  none  at  all  on  the  ma- 


d  by  Google 


450 


jority  of  those  tested.  Mucin  prepared  from  human  saliva  (Hawk, 
'14,  p.  123)  or  from  the  salivary  glands  of  sheep,  either  dry  or  dis- 
solved, failed  to  attract  the  fish.  If  sheep  mucin  is  washed  free 
from  acetic  acid  after  precipitation  and  immediately  smeared  on  the 
outside  of  a  bag,  the  fish  will  nibble  at  such  a  preparation  but  only 
when  their  barbels  come  into  direct  contact  with  the  slimy  material. 


Efftctivtnttt  of  preparations  fro 


i    (Lumbrscui   terrestrit) 


1.  Whole  worms 

Living,  uninjured 90 

Dried 100 


by 
by 


2.  Worm  slime 

Cotton     traveled 

Cotton     traveled 

prodded  worms 
Wlime  from  worms  in  water  at 

at  .TOT    or  in  10  per  cent 

alcohol 

Ether  extract 

Ether  residue. 

Chloroform  extract 

Chloroform  residue 

Heated  to  WC 

Heated  to  70"C 

Open  to  air  four  dayn 
Preserved     one     week     with 

thymol 

Mucin    

3.  Minced  fresh  living  worms 

Kit  rate  

Residue  front  nitrate  fresh 
Same  dried     .    . 


4.  Red     filtrate     from     fresh    minced 

Albumins. 25 

Globulins  . .   .     . .  23 

Peptones 2S 

All   proteins   precipitated   by 


Acetone  residue  from  above.  . 


Residue  fresh 

Residue  dried  for  month* 


1(H)  , 


6.  Boiled 

Liquor 

Acetone  residue  fron 
Worm  bodies 
Worm  bodies  dried. . 

7.  Decayed 

Without  treatment 
Alcohol  extract    

Alcohol 


luc. 


It  in  evident,  therefore,  that  mucin  if  not  the  chemical  .sulwtaiit-e 
which  causes  AiniuruH  to  bite  upon  Ihirs  in  which  are  concealed  whole, 
living  worms;  mucin  does,  however,  seem  to  .stimulate  the  barl-cl* 
when  they  come  into  direct  contact  with  it. 

Then1  are  i  in  lira  lions  thai  the  sulwlnnce  or  substances  in  the  filtered 
slime  of  I.wnhrii-un  which  attract  Amiunis  are  of  ihe  nature  of  protein*. 
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(1)  If  the  slime  is  shaken  with  ether,  the  two  lavers  separated  and  the 
ether  evaporated  from  each  layer  before  an  electric  fan,  the  ether  extract 
(on  filter  paper)  has  no  attraction  for  the  fish  and  the  water  residue 
loses  some  of  its  stimulating  power.  If  the  slime  is  similarly  treated 
with  chloroform,  not  only  does  the  chloroform  extract  not  stimulate 
the  fish  but  the  water  residue  becomes  much  less  stimulating.  If  the 
slime  is  boiled  or  even  heated  to  70  °C.  it  loses  its  stimulating  power. 
Heating  to  60°C.  for  three  minutes  slightly  impairs  this  stimulating 
power  but  heating  to  50°  or  less  has  no  effect.  Ether,  chloroform  and 
heat  are  general  coagulating  agents  for  proteins  (Hammarsten,  '14, 
pp.  97,  107).  (2)  If  the  slime  is  allowed  to  remain  open  to  the  air  for 
several  days  and  putrefaction  takes  place,  it  becomes  non-stimulating. 
When-  preserved  with  a  few  drops  of  thymol  solution,  it  retains  some- 
what of  its  stimulating  power.  Yet  the  ordinary  chemical  tests  for 
proteins,  Biuret,  Millon's,  xanthoproteic,  etc.,  applied  after  the  re- 
moval of  mucin  give  only  negative  results.  This  probably  means  that 
the  concentration  of  these  substances  is  so  low  that  they  can  not  be 
detected  by  the  ordinary  color  tests.  If  this  is  true,  one  of  the  charac- 
teristics of  the  olfactory  sense  of  Amiurus  is  its  ability  to  respond  to 
exceedingly  small  amounts  of  substance,  and  this  is  in  accord  with  what 
we  know  of  the  human  sense  of  smell  (Parker,  '12). 

Proof  that  the  sense  of  smell  alone  is  concerned  in  the  reactions  of 
Amiurus  to  worm  slime  is  afforded  by  the  behavior  of  fish  with  then- 
barbels  removed,  and.  therefore  lacking  the  majority  of  their  gustatory 
organs  (Parker,  '10).  These  barbel-less  fish  find  bags  soaked  in  the 
slime  only  slightly  less  readily  than  normal  fish.  And  in  addition, 
fish  with  their  olfactory  apparatus  temporarily  eliminated  by  the 
sewing  of  their  anterior  nasal  apertures,  fail  to  pay  any  attention  what- 
soever to  such  a  bag.  A  slight  exception  to  this  behavior  occurs  when 
an  operated  fish  which  has  been  subjected  to  experimentation  for 
several  months  happens  in  its  movements  to  touch  the  bag.  Such  a 
fish  may  give  one  or  two  gentle  nibbles  upon  the  bag.  This  is  evi- 
dently nothing  more  than  a  matter  of  learning  as  previously  described. 
or  the  response  of  a  very  "hungry"  fish  to  tactile  stimulus. 

When  living  worms  are  passed  through  a  raeat-grindcr  and  then 
allowed  to  soak  in  water  for  twenty-four  hours,  using  thymol  as  a 
preservative  (Wodehouse  and  Olmsted,  '17),  a  clear  red  solution  is 
obtained,  which  is  as  stimulating  to  Amiurus  as  the  pieces  of  worm 
themselves.  Upon  separating  these  water-soluble  proteins  into  globu- 
lins,   albumins,    peptones,    etc.,   somewhat  according   to  the  scheme 
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outlined  by  Hawk  ('14,  p.  123),  there  were  obtained  preparations 
which,  in  either  the  moist  or  dry  Rtate,  were  always  much  less  attrac- 
tive to  the  fish  than  the  original  solution.  The  same  was  true  of 
proteins  soluble  in  salt  solution.  The  insoluble  residues  from  the 
water  or  salt  extraction  were  always  stimulating  in  either  the  moist  or 
dry  state.  If,  however,  the  red  water-solution  was  filtered  off  immedi- 
ately after  grinding  the  worms  and  the  proteins  precipitated  as  a  whole 
by  acetone,  this  aggregate  of  proteins  was  very  stimulating  to  the 
fish.  But  any  attempts  to  separate  them  by  redissolving,  partially 
and  wholly,  saturating  with  ammonium  sulphate,  dialysing,  etc., 
reduced  their  effectiveness  almost  to  zero. 

It  was  stated  above  that  if  the  slime  from  Lumbricus  was  boiled  or 
even  heated  to  70°C.  it  lost  its  attractiveness  for  Amiurus.  This  is 
not  true  of  the  worms  themselves.  Both  the  worms  and  the  liquor 
in  which  they  are  boiled  are  as  stimulating  as  fresh  raw  worms.  If 
such  boiled  worms  are  dried,  they  lose  none  of  their  stimulating  power 
even  after  six  months. 

When  the  proteins  in  the  liquor  from  boiled  worms  are  precipitated 
by  acteone,  a  slimy  grey  coagulum  is  obtained,  which  is  very  stimulat- 
ing to  the  fish,  and  even  the  acetone  filtrate,  after  being  evaporated  to 
dryness  on  the  steam-bath,  is  only  slightly  less  so.  If,  however,  alcohol 
is  used  as  the  precipitating  agent,  the  coagulated  proteins  are  only 
slightly  stimulating  while  the  alcohol  filtrate  is  as  strongly  stimulat  ng 
as  the  original  solution.  likewise  an  alcohol  solution  made  by  placing 
living  worms  in  95  per  cent  alcohol  until  they  become  hard  and  brittle, 
is  exceedingly  stimulating,  but  an  alcoholic  solution  made  from  decayed 
worms  is  non-stimulating  though  the  residue  of  worm  bodies,  having 
lost  much  of  its  disagreeable  odor,  is  stimulating.  Chemical  tests  on 
the  alcoholic  solutions  which  prove  to  be  stimulating  indicate,  but 
only  very  faintly  indeed,  the  presence  of  a  peptone.  But  doubt  in 
thrown  on  the  assumption  that  this  is  really  the  chemical  substance 
responsible  for  stimulation  since  worm  peptone  prepared  by  several 
methods  was  hardly  at  all  stimulating.  This  may  again  be  interpreted 
as  indicating  the  presence  of  exceedingly  small  amounts  of  stimulating 
substances,  perhaps  of  the  nature  of  proteins  (since  they  seem  to  be 
destroyed  by  putrefaction),  but  in  this  case  non-coagulable  by  heat. 

If  living  worms  are  allowed  to  dry  without  putrefaction,  they  are 
found  to  be  exceedingly  stimulating  to  the  fish,  even  after  a  year  in 
this  condition.  The  fat  of  freshly  dried  worms,  extracted  with  ether 
in  a  Hoxlett  apparatus,  is  yellow  and  closely  resembles  ordinary  i 
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fat  in  appearance  and  properties.  Such  worm  fat  is  only  slightly 
attractive  to  Amiurus,  showing  that  the  very  stimulating  acetone  and 
alcohol  soluble  substances  mentioned  above  are  not  fats,  and  this  is 
further  supported  by  the  fact  that  the  hard  dry  pieces  of  worm  remain- 
ing after  the  ether  extraction  are  exceedingly  stimulating. 

Proof  that  these  substances  are  not  of  the  natuoe  of  volatile  etherial 
oils  is  given  in  the  results  of  the  following  experiments.  Freshly  ground 
living  worms  were  placed  with  water  in  a  flask  provided  with  two  open- 
ings. Through  one  of  these  openings  air  was  forced  up  through  the 
mixture  and  out  through  the  other  into  a  tube  with  a  capillary  outlet. 
This  outlet  was  situated  at  the  bottom  of  a  cylinder  of  distilled  water 
cooled  by  ice.  Although  air  was  bubbled  through  the  worm  mixture 
for  twenty-four  hours,  the  cooled  water  did  not  take  on  any  peculiar 
or  distinctive  odor  and  such  water  was  non-stimulating  to  the  fish.  A 
similar  procedure  when  carried  out  on  decaying  worms  did  impart  to 
the  cooled  water  the  characteristic  odor  which  accompanies  putre- 
faction, but  this  liquid  was  likewise  non-stimulating.  In  one  case  a 
bag  of  minced  earth-worms  which  had  been  left  in  running  water  for 
over  a  week  without  a  preservative  developed  an  almost  intolerable 
odor  and  in  this  condition  had  no  attraction  whatsoever  for  the  fish. 
Very  completely  decayed  worms  from  which  the  water  soluble 
substances  have  been  practically  entirely  removed  are  therefore 
non-stimulating. 

These  results  show  that  it  is  not  the  decayed  material — the  broken- 
down  proteins — which  stimulates  Amiurus,  and  had  the  so-called 
"decayed"  worms  been  thoroughly  putrefied,  they  would  probably 
have  failed  to  excite  the  fish.  In  other  words,  the  stimulus  which 
caused  Amiurus  to  react  to  "decayed"  worms  came  from  the  still 
undecayed,  unchanged  substances. 

Both  fresh  and  decayed  Eisenia  foetida  were  stimulating  to  Amiurus, 
but  some  ten  minutes  after  the  fish  bite  these  bags,  they  appear  to  be 
both  attracted  and  repelled  by  the  dung-worms.  In  a  short  time 
the  repulsion  becomes  stronger  than  the  attraction,  the  fish,  on  coming 
into  the  immediate  neighborhood  of  the  bag,  dash  wildly  about  the 
aquarium,  jerk  their  heads  away  and  often  back  off  most  vigorously. 
For  this  reason  no  extended  experiments  were  carried  out  with  Eisenia 
material. 


d  by  Google 


J.    M.    D.    OLMSTED 


5.    EXPERIMENTS   WITH    BEEF  LIVEB  AND    BLOOD 

The  similarity  of  the  results  of  experiments  with  earthworms,  beef 
liver  and  blood  will  be  evident  upon  comparing  tables  2  3  and  4. 
It  wit  be  noted  that  in  no  case  was  there  found  any  component  of  the 
origjna'  protein  mass  that  was  not  decidedly  less  stimulating  than  the 
original  combination. 

Fat  was  only  very  slightly  stimulating. 

If  the  watery  extract  from  fresh  liver  is  filtered  and  allowed  to  remain 
over  night,  a  heavy  brown  coagulum  settles  out.  This  coagulum  is 
slightly  more  stimulating  even  than  the  original  water  extract  and 
possesses  the  odor  of  stale  liver,  an  odor  quite  distinguishable  from  that 


Bffeelieenet*  of  preparation!  fn 


TABLE  1 

n  beef  liter  a 


otfartory  ttimuli  to  Am 


Fresh 90 

Stale 100 

Filtrate  from  fresh 80 

Conrulum  from  fresh  filtrate 100 

Dried  coagulum 20 

Dried     cob  gill  lira     redisaolvcd     in 

water 60 


Liquor. . . 
Residue  dry  80      Residue  . 


Albumins  and  globulins  together  . 

Globulin 

Albumin 

Peptone 

All  prote-ins  precipitated  by  ace- 
tone  


of  fresh  liver.  From  table  1  it  will  be  seen  that  stale  liver  is  slightly 
more  stimulating  than  fresh.  Nevertheless  ice-cooled  water  through 
which  air  was  bubbled  after  having  been  previously  forced  through 
ground  stale  liver,  and  which  possessed  most  distinctly  the  odor  of 
stale  liver,  utterly  failed  to  stimulate  the  fish.  It  seems  evident, 
therefore,  that  the  substance  which  gives  stale  liver  and  this  coagulum 
from  the  watery  extract  of  fresh  liver  the  characteristic  odor  which 
distinguishes  them  so  markedly  from  fresh  liver,  is  not  the  same  sub- 
stance that  renders  them  more  attractive  to  Amiurus  than  freah  liver. 
A  further  instance  of  substances  possessing  a  very  similar  odor  to  the 
human  sense  of  smell  but  differing  markedly  in  their  effect  on  the  hah, 
is  shown  in  the  residue  after  ether  extraction  of  stale  beef  or  commercial 
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dried  beef.    Only  the  former  of  these  two  products  stimulates  Amiurus 
to  bite. 

The  most  striking  differences  in  the  results  of  the  experiments  on 
earthworms,  beef  liver  and  blood  are:  (1)  Of  the  three  kinds  of  material, 
earthworm  alone  was  stimulating  when  "decayed," — but  other  experi- 
ments show  that  the  products  of  putrefaction  are  not  the  stimulating 
agents,  (2)  earthworm  proteins  alone  retain  their  Stimulating  power 
after  having  been  precipitated  by  acetone.  This  causes  one  to  doubt 
whether  such  proteins  (the  globulins,  albumins,  peptones,  etc.,  which 
can  be  detected  and  separated  from  each  other  by  the  ordinary  chemi- 
cal methods,  and  might  be  called  the  "gross"  proteins)  are  really, 
even  in  the  case  of  the  earthworm,  the  stimulating  agents  for  olfaction 
in  Amiurus.  Is  it  not  more  probable  that  in  all  these  materials,  sub- 
stances which  are  present  as  "chemical  traces"  only,  are  responsible  for 


Effectiveness  of  preparations  fri 


TABLE  4 

it  beef  blood  a 


olfactory  stimuli  to  Amiurus 


-^U^- 

»«*»»»  >u*u 

Fresh 

Decayed 

Fibrin 

DeJibrinated  plasma 

60 
0 
0 

60 

All  proteins  precipitated    by    a 

Albumins 

Globulins 

0 
0 

the  reactions  of  the  fish?  Some  of  them  were  shown  to  be  destroyed 
by  heat,  others  not;  some  axe  soluble  in  acetone  and  alcohol,  others  are 
rendered  inactive  by  these  reagents;  they  are  not  of  the  nature  of  fats 
or  volatile  oils;  nor  are  they  the  products  of  the  decomposition  of  proteins, 
in  fact  putrefaction  seems  to  destroy  them.  In  view  of  these  charac- 
teristics it  seems  possible  that  they  may  be  of  the  nature  of  proteins 
themselves. 

The  responses  of  Amiurus  to  stale  liver  and  to  the  residue  after 
extraction  with  ether  were  shown  to  be  due  to  olfactory  stimulation 
alone  since  fish  with  anterior  nasal  apertures  sewn  (with  the  exception 
of  long  trained  fish)  always  failed  to  find  bags  of  such  material,  while 
if  the  stitches  were  cut  and  the  threads  still  left  in  the  skin,  the  fish 
found  the  bags  as  quickly  and  bit  on  them  practically  as  often  as  before 
the  operation. 
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6.    EXPERIMENTS  WITH  CHEESE 

Fishermen  have  informed  me  that  cheese,  especially  Limburger,  is 
excellent  bait  for  catfish.  Table  5  Rives  the  results  of  experiments 
on  the  effectiveness  of  this  commodity  as  a  stimulating  agent,  and 
shows  that  even  Limburger  cheese  is  not  especially  stimulating. 

TABLE  i 
Effectiventi*  of  cheese  at  olfactory  itimultu  to  AimViii 


Fresh 

Ether  extract  (rancid  fat) . . 
Ether  residue  (protein)   .  . 


7.    THE   ACTION  OF  THE    BARBELS 

A  trained  bah  with  its  anterior  nasal  apertures  sewn  does  not  respond 
to  bags  of  minced  worm  gently  lowered  in  front  of  it  but  if  the  bag  is 
carefully  drawn  toward  the  fish,  the  moment  it  touches  a  barbel,  it 
will  be  seised  by  the  fish.  Rarely  does  this  occur  with  a  dummy-bag 
and  never  with  a  glass  rod.  This,  again,  seems  to  be  a  matter  of  learn- 
ing, in  which  the  sense  of  touch  is  concerned.  The  fish  learn  to  dis- 
tinguish the  "feel"  of  the  bag,  which  so  often  contains  food.  That  the 
barbels  do  render  service  in  food-getting  is  shown  by  the  records  of 
three  pairs  of  fish  whose  reactions  were  followed  for  several  months. 
From  one  fish  of  each  pair  all  the  barbels  were  removed  and  almost 
without  exception  this  fish  bit  fewer  times  than  its  mate  during  the 
seventy  odd  half-hour  trials.  It  was  roused  to  action  by  an  olfactory 
stimulus  as  soon  as  the  other  but  was  less  able  to  locate  the  source. 
Parker  ('10)  describes  the  behavior  of  such  fish  as  follows: 

Thow  without  bsrbcln.  but  with  their  olfactory  apparatus  intact,  almost 
alwaya  made  several  sharp  turns  when  near  the  wad  (of  minced  wanna)  u  though 
wi-king  mime  t  hint:,  and  either  moved  slowly  away,  or  swim  mora  or  leas  directly 
to  the  wad  and  began  to  now  and  nibble  it. 

When  a  normal  catfish  receives  an  olfactory  stimulus,  it  swims 
about  with  its  barbels  dragging  along  the  bottom  of  the  tank.  The 
fish  almost  invariably  stops  for  a  moment  if  its  barbels  touch  any 
object.  If  this  object  is  edible  the  fish  may  nibble  or  swallow  it,  but 
if  inedible  the  fish,  after  nosing  the  object,  usually  resumes  its  inter- 
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rupted  search.  It  appears,  therefore,  that  the  barbels  are  very  valu- 
able to  Amiurus  in  procuring  its  food  but  it,  receives  stimuli  through 
these  organs  only  when  they  are  in  contact  with  a  relatively  large 
amount  of  material  (cf.  Herrick,  '02,  p.  257).  The  small  particles  of 
(presumably)  molecular  dimensions  diffusing  through  water  from  a 
bag  of  minced  worms  cause  no  reaction  in  a  fish  whose  olfactory  organs 
are  incapacitated  to  receive  such  stimuli.  But  if  the  barbels  of  such  a 
fish  come  into  contact  with  the  bag,  the  fish  may  give  a  bite.  If,  in 
addition  to  the  sense  of  touch,  that  of  taste  is  involved  in  this  reac- 
tion,— and  Parker  {'08)  has  shown  that  Amiurus  possesses  a  gustatory 
sense  located  in  its  barbels, — then  this  sense  in  Amiurus  is  comparable 
to  the  human  sense  of  taste  (Parker  '13),  since  a  relatively  large  amount 
of  substance  locally  applied  is  necessary  to  stimulate  our  organs  of 
taste. 


1.  Amiurus  nebulosus  bites  readily  on  bags  of  earthworm,  beef  liver 
and  blood. 

2.  The  responses  to  these  substances  arise  from  the  stimulation  of 
the  olfactory  organs,  as  is  proven  by  lack  of  responses  when  the  olfac- 
tory apparatus  is  eliminated,  and  by  the  facte  that  blinded  fish  find 
this  food  as  readily  as  normal  fish,  and  barbel-less  fish  only  slightly  less 
so. 

3.  The  barbels  are  of  value  in  finding  food  only  by  coming  into 
direct  contact  with  it. 

4.  Decayed  animal  material  is  not  attractive  to  these  fish. 

5.  Although  earthworm  slime,  human  saliva  and  similar  substances 
do  attract  Amiurus,  the  mucin  which  they  contain  is  not  a  stimulat- 
ing agent  for  the  olfactory  organs,  though  it  may  be  so  for  the  barbels. 

6.  All  attempts  to  separate  the  proteins  of  earthworm,  liver  or  blood 
resulted  in  preparations  less  stimulating  than  the  original  combination. 

7.  The  fats  from  these  materials  were  practically  non-stimulating 
but  the  ether  residues  were  decidedly  stimulating. 

8.  It  is  suggested  that  the  substances  which  stimulate  olfaction  in 
Amiurus  are  possibly  of  a  protein  nature  since  they  are  destroyed  by 
putrefaction;  they  are  not  the  products  of  protein  decomposition; 
some  of  them  are  rendered  ineffective  by  heat  or  addition  of  alcohol  or 
acetone, others  not;  they  are  not  of  the  nature  of  fats  or  etberial,  volatile 
oils;  and  they  are  present  in  such  small  quantities  that  they  are  describ- 
able  as  "chemical  traces,"  and  can  not  be  detected  by  the  ordinary 
qualitative  tests  for  proteins. 
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The  general  history  of  the  work  upon  the  nervous  mechanism  of 
respiration  begins  with  the  experiments  of  LeGallois  and  Flourens  in 
the  early  part  of  the  nineteenth  century.  In  1811  LeGallois  (1)  demon- 
strated that  after  transection  below  the  medulla,  all  respiratory  move- 
ments of  the  body  cease  with  the  exception  of  movements  of  the  mouth, 
which  cease  also  after  section  of  the  medulla.  Flourens  (2)  amplified 
and  confirmed  this  work  (1842-1851).  His  experimental  procedures 
began  by  removing  the  cerebrum,  then  the  cerebellum,  then  the  corpora 
quadrigemina  of  an  animal  (rabbits  and  pigeons  were  mostly  used). 
Respiration  persisted  until  sections  of  the  medulla  were  made,  then  it 
failed.  Reversing  the  operation  and  beginning  with  the  lumbar  spinal 
cord,  making  successive  sections  upward  he  found  that 

Id  destroying  the  costal  spinal  cord,  the  rise  and  fall  of  the  sides  diminished 
gradually  and  when  he  had  finished,  had  entirely  disappeared. 

As  he  continued  to  make  sections  upward,  respiration  was  main- 
tained, although  with  difficulty,  by  the  diaphragm  until  the  origin  of 
the  nerves  of  the  diaphragm  was  reached  when  with  their  section  and 
consequent  cessation  of  the  movements  of  the  diaphragm,  all  effective 
respiration  stopped,  for  the  yawnings  of  the  mouth  and  glottis  which 
alone  survived  had  no  effect.  He  then  proceeded  in  a  reverse  manner, 
removing  the  medulla  by  transverse  sections  from  front  to  rear.  The 
yawning  movements  disappeared  first;  then  the  dilation  of  the  nostrils; 
the  inspiratory  movements  of  the  trunk  alone  survived  and  finally 
these  failed  also.  These  experiments  appear  to  indicate  that  the  spinal 
respiratory  nerves  are  unable  of  themselves  to  maintain  rhythmic 
respiratory  movements  but  are  dependent  on  the  action  of  a  central 
coordinating  mechanism  situated  somewhere  above  the  lower  end  of- 
the  medulla  oblongata. 
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Volkmann  (1842),  Longet  (1847)  and  SchiiT  (1858)  (3)  showed  thai 
the  central  respiratory  mechanism  is  a  double  organ  which  can  be 
divided  by  a  median  longitudinal  section  without  causing  the  death 
of  the  animal;  and  Longet,  and  more  particularly  Schiff,  endeavored 
to  show  that  this  central  mechanism  is  located  in  the  nucleus  of  the 
grey  matter  in  the  alae  cinereae  in  the  lower  part  of  the  bulb,  on  each 
side  beneath  the  floor  of  the  fourth  ventricle,  and  that  the  paths  by 
which  the  impulse  is  conducted  thence  to  the  spinal  cord  run  in  the 
lateral  bundles, 

Unilateral  section  of  which  at  the  lower  level  of  the  bulb,  or  at  the  level  of 

the  second  or  third  cervical  vertebrae,  suffices  to  produce  rtwpiratory  paralytia 
on  the  same  aide. 

In  opposition  to  this  view,  Brown-Sequard  (4)  enunciated  his  doc- 
trine of  "inhibitory  centers."  He  showed  in  1800  that  if  young  ani- 
mals were  kept  alive  by  artificial  respiration  for  some  time  after  section 
of  the  spinal  cord  below  the  medulla,  when  the  artificial  respiration 
was  stopped,  coordinated  movements  of  the  thorax  and  diaphragm 
might  still  be  observed  for  a  time.  He  therefore  concluded  that  the 
center  for  respiration  was  not  sharply  localised  in  the  medulla  but 
extended  throughout  the  spinal  cord.  The  effects  of  section  of  the 
spinal  cord  below  the  medulla,  he  attributed  to  "inhibition"  of  these 
centers  following  the  lesion  of  the  cord,  and  he  compared  the  phenomena 
with  those  of  spinal  shock, 

This  doctrine,  including  that  of  spinal  respiration,  was  later  pre- 
sented in  fuller  form  by  Langendorff  (1887)  and  Wertheimer  (5)  who 
observed  that  the  respiratory  muscles  of  the  trunk  could  sometimes 
be  made  to  contract  after  separation  of  the  cord  from  the  bulb  in 
animals  poisoned  with  strychnine,  in  animals  with  the  cord  artificially 
cooled  or  subjected  to  prolonged  artificial  respiration.  Wertheimer 
declared  that  such  contractions  showed  the  power  of  the  spinal  cord 
to  originate  respiratory  impulses. 

Such  an  hypothesis  has,  however,  been  too  often  refuted  to  be  at  all 
acceptable  at  the  present  time,  Schiff,  in  his  early  exposition  of 
respiratory  hemiplegia,  demonstrated  that  section  of  the  spinal  cord 
at  the  level  of  the  second  and  third  cervical  vertebrae  paralyses  the 
respiratory  mechanism. 

Porter  (6),  in  his  study  of  the  innervation  of  the  diaphragm,  fol- 
Jowed  a  similar  line  of  reasoning.  He  showed  that  since  heraisection* 
of  the  spinal  cord  above  the  phrenic  nuclei  do  not  inhibit  the  diaphragm 
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on  the  same  side,  it  follows  that  two  hemisections  altogether  separating 
the  phrenic  nuclei  from  the  bulb  do  not  inhibit  the  diaphragm  on  their 
respective  sides.  In  other  words,  the  arrest  of  thoracic  and  diaphrag- 
matic breathing  in  consequence  of  the  separation  of  the  phrenic  nuclei 
from  the  bulb  is  not  an  inhibition.  But  one  explanation  of  the  arrest 
is  then  possible;  the  phrenic  nuclei  effect  no  respiratory  discharge  after 
their  separation  from  the  bulb  because  they  receive  no  impulses  and 
cannot  originate  them.  Hence  the  cells  for  the  discharge  of  respira- 
tory impulses  are  situated  above  the  calamus  scriptorius  and  not  in 
the  spinal  cord. 

In  addition  to  this,  Starling  (7)  has  pointed  out  that  cells  from  which 
the  nerve  fibers  go  to  the  respiratory  muscles  can,  like  the  motor  cells 
of  other  parts  of  the  organism,  be  affected  by  impulses  reaching  them 
along  various  paths.-  Their  normal  activity  in  respiration  depends 
upon  impulses  from  the  medulla  but  they  can  also  be  affected  along 
other  tracts  derived  ultimately  from  the  posterior  roots,  at  the  same 
or  higher  levels  of  the  cord. 

Hering  (8)  has  concluded  that  after  division  of  all  the  dorsal  roots  of 
the  frog,  the  motor  cells  cannot  discharge  when  removed  from  periph- 
eral stimulation,  and  in  the  case  of  respiration,  he  is  convinced  that 

The  normal  rhythm  of  respiration  is  bound  up  with  the  integrity  of  the  ac- 
companying centripetal  nerves. 

Of  late  years,  however,  the  relative  importance  of  the  dorsal  roots  of 
the  spinal  nerves  in  the  maintenance  of  respiration  has  been  overlooked ; 
perhaps  the  refutation  of  the  ideas  of  "spinal  respiratory  centers"  had 
a  discouraging  effect,  certain  it  is  that  little  or  no  mention  of  the  dorsal 
roots  and  their  connection  with  respiration  is  made  in  present-day 
literature.  The  best  pronouncement  with  which  I  am  familiar  has 
been  made  by  Luciani  (9)  who  thus  epitomizes  their  activity: 

When  the  auto-regulation  by  means  of  the  vagi  is  suppressed,  an  abnormal 
type  of  respiratory  rhythm  appears  which,  although  it  provides  for  a  degree  of 
pulmonary  ventilation  sufficient  to  maintain  life,  must  yet  be  termed  dyspneio 
■inoe  it  is  not  obtained  without  useless  expenditure  of  energy.  Under  these 
conditions  it  seems  to  us  probable  that  a  self-regulation  comes  into  play  due  to 
the  rythmical  and  alternate  excitation  of  the  sensory  paths  of  the  inspiratory 
and  expiratory  muscles. 

The  question  has  often  arisen  as  to  whether  there  is  a  mechanism 
for  the  integration  of  the  respiratory  movements  higher  than  the 
medulla.  The  opinions  of  the  various  authors  who  have  written  upon 
this  subject  appear  to  be  somewhat  divided. 
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Starting  (7),  io  citing  the  work  of  Rosenthal  and  Marckwald,  states. 

In  the  rabbit,  section  through  the  upper  part  of  the  medulla  oblongata,  npa- 
rating  the  respiratory  center  from  the  higher  parts  of  the  brain,  is  equally  with 
out  effect  on  the  depth  and  rhythm  of  the  respiratory  movements.  A  great 
change  is  observed,  however,  if  the  vagi  are  subsequently  divided  under  these 
conditions. 

Xikolaides  (10)  says  that  in  rabbits,  isolation  of  the  medulla  ob- 
longata from  above  causes  almost  the  same  effect  as  double  vagotomy. 
Luciani  (9)  states  that 

When  the  brain  is  extirpated  to  the  level  of  a  plane  which  passes  along  taw 
inferior  limit  of  the  pons,  or  when  the  section  is  made  at  the  level  of  this  plana,  it 
will  be  seen  that  after  temporary  disturbance,  the  animal  continues  to  breath* 
in  a  regular,  perfectly  coordinated  manner. 

H.  Newell  Martin  (11)  found  that 

On  stimulation  of  the  mid-brain  of  the  rabbit,  close  to  the  iter  sad  b  swats, 
the  corpora  quadrigemina,  there  is  a  respiratory  regulating  center  similar  to 
that  of  the  corpora  btgemina  of  the  frog. 

Marckwald  (5)  found  that  on  blocking  off  the  respiratory  center 
from  the  brain  above  by  the  injection  of  paraffin  into  the  common 
carotid,  if  these  higher  paths  are  cut  off,  the  respiration  remains  regular, 
although  deep,  and  perhaps  in  the  course  of  time  tends  to  resume  it* 
original  type;  but  if  the  vagi  are  also  sectioned,  the  respiration  is 
entirely  changed;  periods  of  rapid  breathing  alternate  with  periods  of 
complete  cessation  until  the  animal  dies. 

From  the  literature  hare  quoted  it  will  be  seen  that  division  of  the 
vagi,  in  connection  with  section  at  the  level  of  the  corpora  quadri- 
gemina has  been  considered.  The  possible  relationship  of  the  dorsal 
roots  of  the  spinal  nerves  has,  however,  been  given  no  attention.  I 
have  therefore  performed  a  series  of  experiments  with  a  view  to  deter- 
mining whether  there  is  a  possibility  of  such  a  relationship. 

These  experiments  have  extended  over  more  than  a  year,  and  include 
results  upon  about  forty  cats.  These  animals  were  first  etherised  and 
then  tracheotomised  and  ether  was  given  by  means  of  a  tracheal  can- 
nula. Tracings  of  both  costal  and  abdominal  respiration  were  taken 
by  means  of  ( 'rile  stethographs  attached  to  Verdin  recording  tambours. 
I  will  consider  the  results  first  of  sect  ion  of  the  dorsal  roots  of  the  spinal 
nerves  alone,  then  at  the  level  of  the  posterior  corpora  quadrigemina 
alone  and  finally  the  effects  of  the  two  operations  together. 
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After  a  control  tracing  of  normal  respiration  (under  ether)  was  taken, 
laminectomy  was  done  and  the  dorsal  roots  of  the  spinal  nerves  were 
then  sectioned,  sometimes  in  both  thoracic  and  cervical  regions  and 
sometimes  in  the  cervical  region  only.  If  the  dorsal  spinal  roots  are 
cut  in  the  thoracic  region  alone  there  is  a  diminution  of  costal  respira- 
tion although  abdominal  respiration  remains  unaltered  and  the  rate  is 
very  little  changed;  if  the  cervical  dorsal  roots  also  are  involved,  inde- 
pendent costal  respiration  disappears,  such  costal  respiration  as  is 
present  being  passive  and  induced  by  the  abdominal  respiration  as  the 
tracing  of  March  2,  1918  (fig.  1)  shows.  Such  respiration  is  slower 
than  normal  but  the  general  character  of  the  respiratory  curve  is  not 
altered.  When  the  dorsal  roots  are  cut  in  the  cervical  region  alone, 
thoracic  respiration  is  not  greatly  changed.  An  animal  whose  dorsal 
spinal  roots  have  been  divided  aseptically  may  be  kept  alive  for  an 
indefinite  period.  Such  an  operation,  indeed,  is  analogous  to  the  con- 
dition found  in  some  cases  of  tabes  dorsalis  in  which  the  functions 
necessary  for  the  maintenance  of  life  may  be  performed  adequately 
enough  although  precision  of  movement  is  lacking. 

It  is  of  interest  to  observe  in  connection  with  the  experimental  work 
the  remarkable  compensatory  power  of  the  individual  dorsal  roots.  If, 
for  example,  in  sectioning  the  dorsal  spinal  roots  in  the  thoracic  and 
cervical  regions,  a  single  root  on  either  side  be  left  intact,  costal  respira- 
tion remains  much  better  than  the  general  severity  of  the  operation 
and  the  number  of  roots  cut  would  lead  one  to  suppose  possible.  A 
study  of  the  nervous  system  impresses  one  more  and  more  with  its 
remarkable  adaptive  facility  in  the  rearrangement  of  channels  for  the 
conduction  of  nervous  impulses  when  the  normal  ones  are  cut  off,  and 
this  is  particularly  exemplified  in  the  conduct  of  the  dorsal  spinal  roots 
of  the  thoracic  region  of  the  cord. 

Following  is  a  protocol  of  an  experiment  in  which  the  dorsal  roots 
were  divided. 

March  t,  1018.    Male  cat  (fig.' 1). 

Ether,  tracheotomy. 

Laminectomy. 

Control  tracing  of  respiration  taken  (part  1). 

Dorsal  spinal  roots  cut  from  third  cervical  to  tower  thoracic. 

Respiration  tracing  taken  (part  2). 

In  this  experiment,  the  significant  factor  is  the  complete  cessation  of 
an  active  form  of  costal  respiration,  such  slight  passive  movements  as 
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are  present  being  the  results  of  the  active  diaphragmatic  respiration. 
The  rate,  however,  is  not  greatly  altered. 

It  is  evident  that  in  the  maintenance  of  respiration  a  central  integrat- 
ing mechanism  is  of  first  importance.  We  are  well  aware  of  the  neces- 
sity of  the  integrity  of  the  respiratory  center  in  the  medulla  for  the 
initiation  of  respiratory  movements,  but  is  there  no  mechanism  for  the 
integration  of  nervous  impulses  concerned  with  respiration  higher  than 


Fig.  1 

Part  1.    Respiration  after  laminectomy  has  been  performed. 

Part  2.  Reapiration  after  aection  of  the  dorsal  routs  of  the  spinal  nerves 
from  the  third  cervical  to  the  lower  thoracic.  Upper  tracing  represents  costal, 
lower  abdominal  respiration. 

the  medulla?  In  other  words,  if  all  portions  of  (he  brain  above  the 
medulla  were  removed,  would  respiration  proceed  in  the  same  manner 
as  before? 

In  the  technique  for  the  operation  of  section  of  the  brain  stem  above 
the  medulla,  the  carotids  were  first  tied  off  to  prevent  excessive  hemor- 
rhage and  the  animal  was  then  either  decerebrated  by  removing  the 
hemispheres  from  the  cranial  cavity  or  a  trephine  opening  was  made 
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over  the  occipital  ridge  and  the  corpora  quadrigemina  were  sectioned 
through  it. 

I  have  found  that  sections  in  front  of  the  corpora  quadrigemina  and 
between  the  anterior  and  posterior  corpora  produce  no  effect  upon 
respiration;  when,  however,  the  section  cuts  into  or  behind  the  pos- 
terior corpora  quadrigemina,  there  is  a  change  in  the  character  of  the 
respiration.  It  appears  to  become  slower  and  less  regular  than  the 
normal  type;  still,  it  is  hardly  of  a  gasping  character  and  maintains  a 
very  fair  type  of  ventilation. 

The  difference  in  conduct  between  the  results  of  this  operation  and 
that  of  complete  section  of  the  dorsal  roots  in  the  thoracic  and  cervical 
regions  is  one  of  degree  rather  than  kind.  In  the  latter  case,  a  few 
channels  for  sensory  impulses  may  remain  above  and  below  the  sec- 
tions— and  we  have  mentioned  the  compensatory  power  of  the  dorsal 
roots  in  this  respect — while  the  conduct  in  the  former  case  implies  a 
total  lack  of  these  sensory  impulses. 

In  this  connection,  we  cite  the  protocol  of 

March  18,  1818.     Male  cat  {fig.  2). 

Ether,  tracheotomy. 

2.00  p.m.    Normal  respiration  (part  1). 

2.45  p.m.    Carotids  tied  off,  then  section  behind'  corpora  quadrigemina. 

3.30  p.m.    Good  respiration,  see  tracing  (part  2). 

Such  respiration  as  this  gives  no  indication  of  the  dyspnea  which 
some  authors  have  found  and  does,  to  some  extent,  resemble  the  slow- 
ing obtained  after  double  vagotomy.  I  have  observed  at  various 
times,  however,  that  if  after  section  is  made  there  occurs  a  hemorrhage 
into  the  fourth  ventricle,  which  causes  a  clot  producing  pressure  upon 
its  floor,  then  dyspnea  always  occurs.  But  if  no  such  hemorrhage 
occurs,  dyspnea  is  not  present  except  in  a  very  slight  degree. 

As  I  have  previously  indicated,  the  spinal  cord  has  not  been  regarded 
as  an  important  factor  in  respiration,  during  late  years,  and  even  when 
the  possibility  of  spinal  respiratory  centers  was  under  consideration 
few  authors  ever  expressed  the  idea  of  a  relationship  between  the  dorsal 
roots  and  these  spinal  centers.  It  has  been  shown  in  a  previous  paper 
(15)  that  the  dorsal  roots  undoubtedly  play  an  important  part  in  the 
sensory,  mechanism  of  costal  respiration  and  that  fibers  concerned  with 
afferent  impulses  pass  up  the  spinal  cord;  our  present  work  has  served 
to  confirm  these  findings  and  to  extend  them.  Moreover,  section  of  the 
brain  stem  at  the  level  of  the  posterior  corpora  quadrigemina  produces 
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immediate  and  lasting  effects  upon  the  respiration.  Since  the  mesen- 
cephalon contains  afferent  and  efferent  fibers  from  the  spinal  cord,  the 
question  presents  itself  as  to  possible  relationships  between  the  dorsal 
roots  of  the  intercoatals  and  the  mesencephalon  as  shown  by  the  effect 
of  section  at  the  level  of  the  posterior  corpora  quadrigemina  and  the 
dorsal  roots  of  the  spinal  nerves  in  the  cervical-thoracic  region.  Fol- 
lowing is  a  protocol  of  such  an  experiment. 


Part  1.    Normal  respiration. 

Part  2.    Respiration  after  lection  bAind  the  posterior  corpora  quadriaemin*. 
Upper  tracing  represents  costal,  lower  abdominal  respiration. 

July  IS,  10/7.     Female  rat  (fig.  3). 

Ether,  tracheotomy,  laminectomy  (part  1). 

2.40  p.m.     Carotids  tied  off. 

2.44  p.m.     Drrercbration. 

2.54  p.m.     Srciion  behind  ihc  corpora  quadrinemina  (part  2). 

3.20  p.m.     DihhiiI  n><>t»  in  cervical  and  upper  thoracic  regions  eut  (part  31. 
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From  this  experiment  an  interesting  phenomenon  may  be  observed, 
namely,  that  after  section  of  the  posterior  corpora  quadrigemina,  subse- 
quent section  of  the  dorsal  roots  is  foUowed  by  no  additional  effects.  Such 
a  finding  leads  one  to  conclude  that  certain  of  the  sensory  impulses  at 
least,  if  not  all  connected  with  respiration  from  the  dorsal  roots  of  the 


Fig.  3 
Part  1.    Normal  respiration. 

Part  2.    Respiration  after  section  behind  the  posterior  corpora  quadrigemina 
Part  3.     Respiration  after  section  of  the  dorsal  spinal  roots  in   the   cervica 

and  upper  thoracic  regions.    Upper  tracing  represents  costal,  lower  abdomina 

respiration. 

intercostals,  pass  through  the  posterior  corpora  quadrigemina  since  the 
difference  in  severity  between  the  results  of  the  two  operations  is 
about  the  difference  that  might  be  expected  between  total  and  partial 
elimination  of  the  afferent  impulses  from  the  dorsal  roots.  Moreover, 
the  fact  that  section  of  the  dorsal  roots  after  section  of  the  corpora 
quadrigemina  produces  no  change  in  the  character  of  respiration  shows 
that  the  entire  effect  was  obtained  by  the  first  division. 
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Section  of  the  dorsal  roots  before  the  corpora  quadrigemina  are 
sectioned  does  leave  some  additional  effect  to  be  gained  by  the  hitter 
operation,  as  the  following  protocol  shows. 

March  5,  1918.     Male  cat  (fig.  4). 

Ether,  tracheotomy,  laminectomy. 

2.45  p.m.    Control  tracing  (part  1). 

3.06  p.m.  After  section  of  the  dorsal  root*  in  the  thoracic  and  lower  cervical 
regions  (part  2). 

3.30  p.m.  After  section  of  the  posterior  corpora  quadrigemina.  Note  tbs 
Chayne-Stokes  respiration  (part  3). 

From  this  experiment  it  is  evident  that  there  are  still  some  afferent 
intercostal  impulses  going  through  until  the  posterior  corpora  are 
divided— not  until  then  are  all  intercostal  impulses  cut  off. 

Such  corroborative  detail  points  strongly  to  the  probability  of  the 
existence  at  the  level  of  the  posterior  corpora  quadrigemina  of  some 
station  closely  related  to  the  integration  of  the  afferent  impulses  from 
the  respiratory  "cage." 

While  certain  of  the  motor  impulses  concerned  in  the  skilled  move- 
ment* of  respiration  must  originate  in  the  motor  areas  of  the  cerebrum 
it  is  hardly  likely  that  these  are  called  into  play  during  normal  respi- 
ration or  during  anaesthesia;  and  on  the  other  hand,  a  purely  medul-' 
lary  type  of  respiration  due  to  the  movements  of  the  diaphragm  alone 
is  not  normal  either.  I  believe,  therefore,  that  sensory  fibers  from  the 
dorsal  roots  of  the  spinal  nerves  from  the  intercostals  travel  up  the 
brain  stem  as  high  as  the  level  of  the  posterior  corpora  quadrigemioa, 
where  some  connection  with  the  descending  motor  fibers  is  effected. 
In  other  words,  the  dorsal  spinal  nerves  and  a  region  for  the  integration 
of  respiratory  impulses  at  the  level  of  the  posterior  corpora  belong  to 
the  same  system.  The  fact  that  vagi  and  mesencephalon  are  unrelated 
in  this  manner  is  what  makes  section  of  the  vagi  in  this  connection  so 
much  more  fatal  than  section  of  the  dorsal  roots — a  relation  which 
will  be  discussed  in  a  subsequent  paper. 

The  time  element  concerned  in  section  of  the  dorsal  roots  and  the 
corpora  quadrigemina  may  also  be  considered.  It  is  well  known  from 
clinical  evidence  that  people  in  whom  accident  or  disease  has  destroyed 
the  dorsal  spinal  nerve  roots  are  able  to  support  life  very  adequately. 
Stewart  (12)  hns  cited  the  case  of  a  man  in  whom  all  the  ribs  l>ecame 
completely  immovable  from  disease  of  the  xpine  in  the  lower  cervical 
region.  He  won  able  to  lead  an  active  life  ami  carry  on  his  business 
although  he  breathed  entirely  by  mean*  of  (he  diaphragm  and  aUlom- 
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inal  muscles.  Whether  an  animal  in  which  both  the  dorsal  roots  and 
the  corpora  quadrigemina  were  destroyed  could  maintain  life  very 
long,  I  am  not  prepared  to  state ;  but  experimentally,  under  anaesthesia, 
good  respiration  may  be  maintained  for  several  hours  subsequent  to 
these  operations. 


Fig.  4 

Part  1.     Respiration  after  laminectomy. 

Part  2.  Respiration  after  section  of  the  dorsal  roots  in  the  thoracic  and  lower 
cervical  regions. 

Part  3.  Respiration  after  section  behind  the  posterior  corpora  quadrigemina. 
Note  the  Cheyne-Stokes  respiration.  Upper  tracing  represents  costal,  lower 
abdominal  respiration. 

Sherrington  (13),  in  his  work  on  decerebrate  rigidity,  describes  the 
persistent  tonic  spasm  which  occurs  in  certain  groups  of  muscles  after 
section  of  the  brain  stem  in  front  of  the  corpora  quadrigemina.  The 
groups  of  muscles  which  are  contracted  are  the  retractors  of  the  head 
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and  neck,  the  muscles  of  the  tail,  the  extensors  of  the  elbow,  knee, 
shoulder  and  ankle — the  antigravity  muscles.  The  spasm  depends 
on  the  integrity  of  the  dorsal  spinal  roots  and  appears  not  at  all,  or 
only  imperfectly,  in  the  limbs  of  which  the  corresponding  dorsal  nerve 
roots  are  divided.  Section  at  that  level  of  the  corpora  quadrigemina 
also  does  away  with  decerebrate  rigidity,  a  fact  which  offers  further 
confirmation  that  certain  fibers  of  the  dorsal  spinal  nerve  roots  have 
end  stations  at  this  level. 

CONCLUSIONS 

In  summarizing  the  effects  upon  the  respiratory  movements  of 
section  of  the  dorsal  roots  of  the  spinal  nerves  and  at  the  level  of  the 
posterior  corpora  quadrigemina,  my  findings  are: 

1.  Section  of  the  dorsal  roots  of  the  thoracic  and  cervical  spinal 
nerves  results  in  a  diminution  or  cessation  of  active  costal  respiration. 
The  effect  of  section  of  both  thoracic  and  cervical  nerves  is  a  more 
marked  diminution  of  costal  respiration  than  after  section  of  the 
thoracic  roots  alone.  After  section  of  the  thoracic  roots,  abdominal 
respiration  remains  unchanged  and  there  is  no  marked  alteration  in 
the  respiratory  rate. 

2.  Section  of  the  brain  stem  below  the  anterior  corpora  quadrigemina 
results  in  a  slower,  deeper  form  of  respiration  than  normal  somewhat 
similar  to  the  most  severe  effects  which  follow  double  vagotomy. 
Abdominal  respiration  is  more  prominent  than  costal. 

3.  Section  of  the  dorsal  roots  of  the  spinal  nerves  after  section  into 
or  behind  the  posterior  corpora  quadrigemina  produces  no  more  severe 
effect  than  section  of  the  posterior  corpora  quadrigemina  alone. 

4.  Section  of  the  posterior  corpora  quadrigemina  subsequent  to 
section  of  the  dorsal  roots  of  the  spinal  nerves  produces  an  effect  on 
respiration  somewhat  greater  than  when  the  dorsal  roots  alone  are 
sectioned. 

5.  The  general  relationship  of  afferent  to  efferent  spinal  nerve  roots 
which  Sherrington  (14)  describes  obtains  also  in  the  afferent  and 
efferent  intercostal  roots. 

I  wish  to-express  my  thanks  to  Prof cssur  F.H.  Pike  of  this  department 
for  his  valuable  suggestions  and  criticisms  of  this  work. 
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That  the  reaction  of  a  muscle  after  fatigue  is  acid  to  litmus  haa  been 
known  for  over  half  a  century.  Du  Bois  Reymond  (I)  in  1859  demon- 
strated that  muscles  become  acid  upon  stimulation.  Professor  Schwann 
wrote  in  a  letter  to  Du  Bois  Reymond  of  chasing  a  chicken  until  it 
was  completely  exhausted,  after  which  he  killed  it  and  found  a  distinct 
acid  reaction  in  the  muscles.  During  the  same  year  Funke  (2)  made 
note  of  this  reaction.  Four  years  later  Ranke  (3)  was  able  to  demon- 
strate that  this  acid  reaction  was  caused  by  a  production  of  lactic 
acid,  and  in  1865  he  proved  definitely  that  paralactic  acid,  monopotaa- 
aiumphosphate  and  carbon  dioxide  are  the  products  given  off  during 
the  process  of  fatigue  and  that  if  these  substances  are  injected  into  the 
circulation  or  irrigated  through  the  muscles  of  unfatigued  animals, 
typical  fatigue  results  are  obtained.  Heidenhain  (4),  Landau  and 
Pacully  (5),  Marcuae  (6),  Gleiss  (7),  Landsberger  (8),  Boehm  (9), 
Osborne  (10),  Fletcher  and  Hopkins  (11)  and  Fletcher  (12)  have  coo- 
firmed  Ranke's  results.  Lee  (13),  Burridge  (14)  and  Schenck  (15) 
were  able  to  reproduce  the  fatigue  curve  by  irrigating  muscles  with 
the  above  products.  Geppert  and  Zunts  (16)  have  shown  that  the 
alkalinity  of  the  blood  is  diminished  after  muscular  exercise. 

A  similar  acid  reaction  is  always  found  in  a  muscle  approaching  a 
state  of  rigor  mortis.  Here  as  in  fatigued  muscles  the  reaction  is  the 
result  of  the  accumulation  of  tactic  acid  (Du  Bois  Reymond  (1),  Ranke 
(3).  Boehm  (9),  Osborne  (10),  Fletcher  and  Hopkins  (11)  and  Fletcher 
(12)).  Fletcher  and  Hopkins  found  that  in  frogs  most  of  the  lactic 
acid  is  produced  while  the  muscle  is  nt ill  flaccid  and  irritable,  before 
rigor  has  been  reached.     Fletcher  noticed  that  in  mammals  the  accu- 
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mulation  of  lactic  acid  takes  place  most  rapidly  during  the  first  three 
hours  after  death  (0.453  per  cent  at  the  end  of  three  hours  and  0.513 
per  cent  at  the  end  of  nine  hours,  extracted  in  the  form  of  zinc  lactate). 
*  This  series  of  experiments  was  made  in  order  to  determine,  since  the 
chemical  and  physiological  changes  in  the  two  conditions  are  the  same, 
whether  adrenalin,  which  has  a  marked  bettering  effect  on  fatigued 
muscles  (17),  might  not  also  affect  muscles  approaching  rigor. 


The  operative  procedure  and  the  apparatus  used  here  were  the  same 
as  those  employed  by  one  of  us  in  a  previous  work  (17).  Cats  were 
used.  The  tibialis  anticus  muscles  were  prepared  for  perfusion  and  at 
the  moment  that  the  cannulas  were  inserted  into  the  vessels  the  animals 
were  killed  with  ether.  The  nerve  was  exposed  and  placed  in  a  Sher- 
rington shielded  electrode.  The  tendon  of  the  muscle  was  fastened  to 
a  muscle  lever  and  stimulated  ninety  times  per  minute.  The  medium 
for  irrigation  was  a  warm  (37.5°C.)  Ringer's  solution,  at  a  pressure  of 
70  cm.  of  water,  containing  only  the  oxygen  absorbed  from  the  air. 


It  was  observed  in  these  experiments  that  muscles  lost  their  irrita- 
bility to  electrical  stimuli  with  varying  rapidity.  Some  muscles 
showed  clearly  at  the  end  of  an  hour  the  effect  of  diminished  supply  of 
oxygen  by  the  decreased  irritability  to  the  electrical  stimulus  and  a 
decreased  height  of  contraction.  Others  continued  to  respond  almost 
normally  at  the  end  of  that  time. 

Figure  1  was  taken  from  an  animal  which  had  been  dead  for  1  hour 
and  6  minutes.  Perfusion  was  begun  17  minutes  before  the  beginning 
of  stimulation.  The  muscle  was  able  to  do  only  one-third  as  much 
work  as  the  corresponding  muscle  of  the  other  limb  had  done,  under 
similar  operative  conditions,  immediately  after  the  animal  had  been 
killed.  The  muscle  in  figure  1  contracted  for  2.6  minutes,  the  con- 
tractions reaching  at  the  highest  point  2.7  cm.,  after  which  they  dropped 
gradually  to  0.5  cm.,  at  which  point,  /,  adrenalin  (1  cc.  of  1: 100,000 
solution)  was  injected  into  the  perfusion  fluid  near  the  arterial  cannula. 
This  prolonged  muscular  contraction  for  1  minute.  At  2,  muscular 
contraction  having  almost  ceased,  adrenalin  (0.5  cc.  of  a  1 :  1000  solu- 
tion) was  injected.  Immediately  there  was  produced  a  marked  vaso- 
constriction and  simultaneously  an  increase  in  the  height  of  muscular 
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contraction,  at  its  highest  point  20  fold.  Hie  effect  of  this  injection 
lasted  more  than  7  minutes.  This  increase  in  height  of  muscular  con- 
traction is  11  per  cent  higher  than  the  first  response  of  the  muscle 
recorded  here.  Adrenalin  therefore  not  only  counteracted  the  effect 
produced  by  fatigue  but  also  a  part  of  the  decreased  efficiency  of  the 
muscle  caused  by  the  lack  of  blood  supply  and  the  consequent  death 
changes. 

During  this  research  it  was  repeatedly  noticed  that  the  threshold 
stimulus  markedly  increases  during  death  changes.    In  some  animals 


Fig.  1.  la  this  and  the  following  figures  the  upper  curve  u  the  record  of 
muscular  contraction*,  below  it  the  time  interval.  The  loweat  record  indicate* 
the  rate  of  flow  of  the  perfusion  fluid  through  the  muscle.  /,  adrenalin  1  ce 
(1.100,000):*,  adrenalin  0.8  cc.  (1:1000).    Time  in  8  second*. 

the  muscle  failed  to  respond  to  electrical  stimulation  of  its  nerve  after 
the  circulation  had  been  removed  for  one  hour.  In  others  the  threshold 
stimulus  was  increased  five  to  one  hundred  times  above  normal.  In 
all  cases  where  any  response  could  be  obtained  adrenalin  lowered  the 
threshold  stimulus.  An  example  may  be  cited  here.  In  one  animal 
in  which  the  circulation  was  removed  for  1  hour  and  47  minutes,  the 
current  strength  necessary  to  arouse  the  muscle  into  activity  upon 
electrical  excitation  through  its  nerve  was  28  Z  units  (18).  In  the 
opposite  limb  the  corresponding  muscle  at  death  had  responded  to  a 
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stimulus  of  2  Z  unite.  After  an  injection  of  adrenalin  (1  cc.  of  a 
1 :1 00,000  solution)  the  threshold  of  28  Z  units  was  decreased  to  10  Z  _ 
units.  Another  injection  of  adrenalin  (0.5  cc.  of  a  1 :  1000  solution) 
lowered  it  to  6  Z  units.  This  demonstrates  that  the  action  of  adrenalin 
in  muscles  undergoing  death  changes  is  similar  to  that  observed  in 
fatigued  muscles. 

Figure  2  is  a  record  obtained  from  a  kitten  weighing  1.5  kilos  which 
received  an  intravenous  injection  of  15  mgm.  of  hirudin  as  an  anti- 
coagulant. The  animal  was  killed  at  2 :  32  and  the  perfusion  was  begun 
at  3:08  (30  minutes  later).  At  3:15  or  42  minutes  after  the  animal 
was  killed  and  6  minutes  after  perfusion  was  started  stimulation  of  the 
muscle  at  the  rate  of  ninety  times  per  minute  was  begun.  The  muscle 
responded  only  slightly  to  a  strength  of  stimulus  of  485  Z  units.  (See 
z)      At  I  and  2  injections  of  adrenalin  chloride  (2  cc.  of  1 :100,000  solu- 


Fig.  2.  Adrenalin  2  cc.  (1 :  100,000)  injected  into  the  perfusion  fluid  at  I  and  t. 
Both  make  and  break  shock  contractions  present.  Time  in  30  second  intervals, 
Reduced  to  \  original  eiie. 

tion)  were  made  into  the  perfusion  fluid.  There  was,  as  a  result  of  the 
first  injection,  approximately  a  14  fold  increase  in  the  height  of  mus- 
cular contraction  and  as  a  result  of  the  two  injections  the  betterment 
in  muscular  contraction  lasted  for  more  than  5  minutes. 

Figure  3  is  presented  to  show  the  effect  of  adrenalin  on  nerve-muscles 
in  which  the  irritability  was  completely  lost  even  to  strong  electrical 
currents.  The  animal  from  which  this  record  was  made  bad  been 
dead  for  1  hour  and  5  minutes.  In  the  beginning  of  the  experiment 
the  strength  of  the  current  was  not  known  but  the  pointer  of  the  sec- 
ondary coil  stood  at  0,  indicating  a  current  of  more  than  799  Z  units. 
The  muscle  was  perfused  for  12  minutes  before  excitation  was  begun, 
At  /,  indicated  in  the  record,  adrenalin  (2  cc.  of  a  1: 100,000  solution) 
was  injected  in  the  usual  manner  and  in  less  than  1  minute  the  muscle 
responded  vigorously  to  both  make  and  break  shocks.    To  eliminate 
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the  make  shock  contraction,  the  current  was  decreased  to  220  Z  units 
at  IB  but  due  to  the  adrenalin  the  irritability  of  the  nerve-muscle  grad- 
ually increased  so  that  the  current  had  to  be  decreased  to  50  Z  units 
at  15  before  there  was  a  permanent  loss  of  the  make  shock  contraction. 
The  height  of  contraction  increased  from  0  to  1.8  cm.  as  a  result  of  the 
injection.  At  2  another  2  cc.  of  adrenalin  (1:100,000)  was  injected 
which  brought  about  a  betterment  of  more  than  60  per  cent.  In  the 
corresponding  muscle  of  the  opposite  limb,  from  which  the  circulation 
had  been  cut  off  for  2  hours,  three  injections  of  2  cc.  each  of  adrenalin 
(1 :  100,000)  were  necessary  before  the  muscle  could  be  made  to  contract. 
This  recovery  of  contractility  and  irritability  after  total  loss  could 
not  be  brought  about  by  adrenalin  in  every  case.  It  was  observed 
that  the  muscles  of  animals  dead  for  three  or  four  hours  could  not  be 


Fig.  3.  Explained  in  text.  I  and  I,  adrenalin  2  cc.  (I:  100,000).  Tim*  in  30 
seconds.     Reduced  to  |  original  aise. 

restored  to  activity  by  adrenalin  upon  excitation  of  their  nerves.^  It 
was  noted,  however,  that  in  some  of  these  cases  adrenalin  was  capable 
of  restoring  the  muscle  fibers  to  activity  by  direct  excitation  of  the 
muscle,  individual  fibers  responding  by  twitching. 

DISCUSSION 

Adrenalin  affects  muscles  undergoing  death  changes  as  it  does 
fatigued  muscles.  It  increases  muscular  activity  (the  height  of  mus- 
cular contraction)  and  increases  the  irritability  of  the  nerve-muscle  to 
electrical  excitation  (decreasing  the  threshold  stimulus). 

It  probably  acts  upon  the  same  substance  in  these  muscles  as  in 
fatigued  muscles.  Here  an  in  fatigued  muscles  there  are  three  possible 
points  of  action; 
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a.  It  may  assist  or  hasten  the  conversion  of  glycogen  into  available 
sugar  to  be  used  as  energy.  Since  sugar  is  used  in  muscular  contrac- 
tion it  is  conceivable  that  any  change  which  would  hasten  its  produc- 
tion would  better  the  height  of  muscular  contraction.  In  muscles 
undergoing  death  changes  much  of  the  glycogen  has  been  changed  into 
lactic  acid.  A  considerable  quantity,  however,  probably  remains  from 
one  to  three  hours  after  death  to  be  converted  into  sugar,  which  con- 
version may  be  assisted  by  adrenalin. 

b.  Adrenalin  may  hasten  the  reconversion  of  lactic  acid  into  sugar 
so  that  more  available  energy  is  present.  (Transformation  of  fatigue 
products.) 

c.  The  oxidation  of  lactic  acid  into  carbon  dioxide  and  water  may 
take  place  more  rapidly  with  the  aid  of  adrenalin,  a  toxic  substance 
thus  being  changed  into  less  harmful  substances.  (Destruction  of 
fatigue  products.) 

SUMMARY 

Adrenalin  has  the  same  action  upon  nerve-muscle  preparations  under- 
going death  changes  as  it  has  upon  fatigued  muscles.  It  decreases 
the  increased  threshold  stimulus  and  betters  the  height  of  muscular 
contraction. 
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The  question  of  the  sympathetic  innervation  of  striated  muscle  in 
still  far  from  settled.  As  the  evidence  accumulates,  the  probability 
diminishes  that  a  simple  explanation  of  tonus  has  at  last  been  found. 
For  a  time  the  researches  of  Boeke  in  anatomy,  and  of  the  physiologist 
here  quoted,  had  made  it  seem  probable  that  tonic  muscular  contrac- 
tion was  due  to  sympathetic  innervation.  In  1913  Dusser  de  Barenne 
(1)  tried  the  effect  of  unilateral  section  of  the  abdominal  sympathetic 
chain  in  decerebrate  cats,  and  found  that  in  only  five  out  of  nine  such 
preparations  was  there  an  ipsilateral  diminution  of  the  rigidity.  He 
concluded  that  the  tonic  impulses  causing  decerebrate  rigidity  did  not 
reach  the  muscles  of  the  hind  leg  by  way  of  the  sympathetic.  The  next 
year  Langelaan  (2),  writing  on  tonus,  stated  that  decerebrate  rigidity 
was  to  be  regarded  as  a  spasm  of  sympathetic  origin.  In  1915  de&oer 
(3)  published  a  monograph  on  tonic  innervation,  summarizing  hit 
work  of  several  years,  and  gave  evidence  to  show  that  extirpating  the 
abdominal  sympathetic  chain  on  one  side  in  cata  caused  ipsilateral 
hypotonicity  with  exaggeration  of  the  tendon  reflexes.  The  loss  of 
tone  showed  in  the  affected  hind  leg  by  its  diminished  resistance  to 
passive  flexion  and  by  the  fact  that  when  the  cat  was  held  up  by  the 
skin  of  its  neck,  this  limb  hung  lower  than  the  contralateral  one,  and 
showed  greater  extension  at  the  joints.  The  animal's  tail  was  observed 
to  bang  toward  the  unaffected  side. 

In  1916  tiiese  experiments  of  deBoer  and  those  of  Dusser  detBarenne 

were  modified  and  repeated  and  the  results  of  the  work  on  mammals 

are  here  published.     A  series  of  experiments  was  also  done  on  frogs  to 

test  deBoers  observation  that   cutting  the  rami   eommunicantea  of 
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the  abdominal  sympathetic  in  frogs  causes  a  loss  of  tone  in  the  ipsi- 
lateral  leg  muscles.  Sixty-one  frogs  were  ■  operated  on  in  different 
ways  and  although  the  simple  cutting  of  the  rami  usually  seemed  to 
cause  the  teg  to  hong  lower,  no  consistently  corroborative  evidence 
was  obtained  from  stimulation  or  degeneration  experiments.  These 
results  are  considered  too  equivocal  to  be  worth  publishing  at  length. 

More  recently  Van  Rijnberk  (4)  has  repeated  the  experiments  of 
Dusser  de  Barenne  and  finds  that  in  no  cases  does  the  section  of  the 
abdominal  sympathetic  affect  the  development  of  the  decerebrate 
rigidity.  Dusser  de  Barenne  (5),  however,  has  repeated  deBoer's 
experiment  and  has  found  a  lessening  of  muscular  tone  in  the  corre- 
sponding hind  leg  after  cutting  the  abdominal  sympathetic  chain. 

In  my  mammalian  experiments  the  abdominal  sympathetic  was  cut 
before  decerebration  in  five  cases  and  afterwards  in  one  case.  The 
effect  of  stimulating  the  sympathetic  chain  was  tried  out,  also  the 
effect  of  inhibiting  decerebrate  rigidity  by  cerebellar  stimulation1 
with  and  without  an  intact  sympathetic  chain.  Besides  this,  repeated 
observations  were  made  on  six  cats,  after  their  recovery  from  the 
sympathetic  excision,  to  see  if  the  muscular  tonicity  or  tendon  reflexes 
had  been  affected. 

CONDENSED  PROTOCOLS 

Cat  1.  February  9,  1916.  Operated  under  ether  and  aseptic  precautions; 
flank  incision  and  extraperitoneal  excision  of  1th  and  Sth  lumbar  ganglia  on  the 
right. 

February  10.    No  evidence  of  hypotonia  of  right  leg  or  tail. 

February  11.     No  evidence  of  hypotonia  of  right  leg  or  tail. 

Abdominal  operation,  with  excision  of  6th  and  7th  lumbar  ganglia  and  1st 
sacral  ganglion,  on  the  right. 

February  15.  No  evidence  of  hypotonia  of  right  hind  leg;  it  is  somewhat 
more  stiffly  held  than  the  left.  Tail  earned  evenly.  Operation  for  decerebra- 
tion: transection  just  anterior  to  superior  colliculi;  strong  rigidity  immediately, 
equal  on  the  two  sides.  Four  hours  later  rigidity  still  present  and  equal  bilater- 
ally.    Cat  killed.     Autopsy  substantiates  operation. 

Cat.  B.  February  19,  1916.  Extraperitoneal  excision  of  6th  left  lumbar 
sympathetic  ganglion. 

February  30.    Mo  evidence  of  hypotonia. 

1  In  a  previous  paper  (6)  the  writer  has  described  how  stimulation  of  the 
anterior  lobe  of  the  cerebellum  on  either  side,  or  direct  stimulation  of  the  under- 
lying superior  cerebellar  peduncle,  causes  ipsilateral  inhibition  of  the  extensor 
rigidity  in  decerebrate  cats. 
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February  21.  Toil  hangs  to  right  more  than  to  left,  but  not  definitely.  Legs 
■how  no  difference.  Decerebrated:  immediate  rigidity,  equal  on  the  two  sides, 
tail  stiff  and  in  midline;  observed  for  one  hour.  Autopsy  shows  6th  left  lumbar 
ganglion  absent. 

Col  3.  February  23,  1918.  Operation;  piece  of  abdominal  sympathetic  1.5 
cm.  long  excised  with  5th  right  lumbar  ganglion. 

February  24  to  March  IT.  Cat  kept  alive  and  observed  for  twenty-three  days; 
tail  always  hung  in  midline.  With  50  gram  weight  attached  to  each  hind  leg 
and  the  cat  held  up  by  the  neck,  the  legs  hang  at  varying  heights;  on  four  days 
the  right  seemed  definitely  lower,  on  two  days  the  left,  and  on  four  days  there 
waa  no  difference.  No  increase  in  knee  jerks  on  either  side;  no  loss  of  resistance 
to  passive  motion  found  in  either  hind  leg. 

March  17.  Decerebration :  rigidity  develops  after  five  minutes,  more  on  right 
than  left,  later  equal  on  two  sides,  tail  stiff  in  midline.  Stimulation  of  anterior 
lobe  of  cerebellum  to  right  and  left  of  midline  gives  ipsilateral  inhibition  of  the 
extensor  rigidity.  Autopsy  shows  5th  right  lumbar  ganglion  of  sympathetic 
ehain  to  be  lacking;  the  nerve  trunk  is  divided  and  embedded  in  scar  tissue. 

Cat  i.  February  29,  1916.  Extraperitoneal  operation;  left  abdominal  sym- 
pathetic chain  out  between  the  4th  and  5th  lumbar  ganglia. 

March  1 .  With  50  gram  weights  attached  to  legs,  the  left  usually  hangs  lower 
than  the  right. 

March  4,  9  and  10.  Tail  hangs  in  midline,  no  difference  in  tonus  of  the  legs 
either  on  passive  motion  or  on  holding  animal  up  with  weights  on  legs.  No 
difference  in  knee  jerks. 

March  10.  Decerebration:  slight  rigidity  for  three  hours,  equal  on  the  two 
sides.     Autopsy  checks  up  operation. 

Cat  5.  March  6.  1916.  (Decerebration  before  cutting  sympathetic.!  11.45: 
Decerebration:  rigidity  comes  on  quickly,  equal  on  two  sides. 

12.30  Exposure  of  right  sympathetic  chain,  loose  ligature  laid  around  it. 

1.50:  Right  Achilles  tendon  attached  to  lever  recording  on  drum.  Rigidity 
medium  throughout  this  time. 

2.20  to  3.30:  Tetanic  induction  shocks  to  the  sympathetic  nerve  at  the  liga- 
ture (between  4th  and  5th  lumbar  ganglia)  cause  no  increase  in  the  tonus  of  tbe 
right  gastrocnemius  recording  on  the  drum. 

3.40:  During  good  rigidity,  the  sympathetic  is  cut  at  the  ligature  and  do 
relaxation  of  tbe  right  gastrocnemius  occurs.  After  this,  rigidity  remains  equal 
on  both  aides  in  the  legs  and  tail. 

4.30:  Cerebellum  exposed  and  electrical  stimulation  of  the  anterior  lobe  in 
the  midline  causes  inhibition  of  tbe  rigidity,  as  is  shown  by  relaxation  of  thst 
right  gastrocnemius. 

Cat8.  March  10, 1918  Abdominal  operation:  sympathetic  chain  exposed  and 
the  6th  and  7th  right  lumbar  ganglia  avulsed  with  a  portion  of  the  nerve. 

March  13.  Tail  hangs  slightly  to  left;  knee  jerks  greater  on  left;  legs  hang 
equally  when  weighted. 

March  15.  Tall  hangs  slightly  to  right;  knee  jerks  constantly  greater  an 
right;  lc«»  resistance  to  pa-wive  morion  on  right;  left  leg  hangs  lower  with  SO 
gram  weights. 
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March  16.  Decerebrated:  rigidity  cornea  on  in  five  minutes;  moderate  in- 
tensity, equal  bilaterally.  Each  Achilles  tendon  attached  to  a  lever  registering 
on  drum.  Cerebellum  exposed  and  effect  of  stimuli  registered;  preparation 
continues  active  with  rigidity  for  four  hours.  Tetanic  induction  shocks  to 
anterior  lobe  of  cerebellum  cause  inhibition  of  rigidity  in  both  bind  legs,  as  in 
cats  with  intact  sympathetic  nerves  (6).  Autopsy  checks  up  operation;  broncho- 
pneumonia present. 

Cat  7.  March  14,  1816.  Abdominal  operation;  dissected  out  3d,  4th  and  5th 
right  lumbar  ganglia  with  intervening  sympathetic  nerve. 

March  15.  Tail  hangs  slightly  to  left;  knee  jerks  greater  on  left;  less  resist- 
ance to  passive  motion  on  right ;  with  50  gram  weights  left  leg  hangs  lower  than 
right. 

March  16.    Animal  died;  peritonitis;  autopsy  checks  up  operation. 


Examination  of  the  above  protocols  shows  that  in  Eve  cats  in  which 
unilateral  division  of  the  abdominal  sympathetic  chain  had  been 
previously  performed  (three  to  twenty-three  days  before  decerebra- 
tion)  the  development  of  decerebrate  rigidity  in  the  hind  legs  was 
unaffected  by  this  operation.  In  three  cases  the  anterior  lobe  of  the 
cerebellum  was  exposed  and  stimulation  with  induction  shocks  was 
tried.  In  all  three  inhibition  of  the  rigidity  was  recorded  as  in  normal 
animals  (6). 

In  six  cats  observations  were  repeatedly  made  of  the  knee  jerks, 
the  tonus  of  the  hind  legs  and  the  tonus  of  the  tail.  Previous  investi- 
gators have  described  hypotonia  of  the  leg  on  the  side  of  the  operation; 
this  lack  of  tone  was  said  to  have  appeared  when  the  animal  was  lifted 
by  the  neck — the  more  flaccid  leg  hanging  with  its  foot  lower  than 
that  of  the  more  tonic,  equal  weights  being  attached  to  the  legs  to 
bring  out  the  phenomenon.  No  such  ipsilateral  hypotonia  was  found 
in  these  experiments  nor  was  there  any  constant  change  in  the  knee 
jerks.  Passive  flexion  of  the  hind  legs  was  tried  repeatedly  and  no 
constant  difference  could  be  detected  between  the  operated  and  un- 
operated  sides.  It  was  noticed,  however,  that  slight  differences  in 
grasping  and  holding  the  cat's  neck  caused  changes  in  the  hanging 
of  the  legs  and  in  their  stiffness;  there  seemed  to  be  a  synergic  relation 
between  the  position  of  the  neck  and  the  tonus  of  the  hind  legs  (7), 
which  might  explain  some  of  the  former  observations. 

Hypotonia  of  the  tail,  as  described  by  deBoer,  shows  by  an  asym- 
metrical posture  of  the  tail.  It  was  described  as  being  held  toward 
the  side  on  which  the  sympathetic  was  intact,  the  theory  being  that 
the  muscles  of  this  side  of  the  tail  had  the  greater  tonus.     In  six  of 
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the  cats  of  the  present  series  the  position  of  the  tail  after  operation 
was  noted.  In  two  it  seemed  to  hang  slightly  toward  the  intact  side, 
suggesting  an  ipcdlateral  hypotonia;  in  one  it  consistently  deviated 
toward  the  operated  side  and  in  three  there  was  no  deviation  from  the 
normal  midline  position. 

In  one  case  the  decerebration  operation  was  performed  first  and  later 
the  sympathetic  was  exposed,  stimulated  and  finally  cut  while  the 
tonically  contracted  gastrocnemius  was  registering  on  a  revolving 
drum.    No  change  in  the  steady  contraction  was  recorded. 

CONCLUSIONS 

Section  of  the  abdominal  sympathetic  chain  in  cats: 

1.  Has  no  effect  on  decerebrate  rigidity,  either  by  preventing  its 
development  or  its  inhibition. 

2.  Causes  no  obvious  hypotonicity  of  the  hind  legs  or  tail. 

3.  Causes  no  change  in  the  tendon  reflexes. 

Stimulation  of  the  abdominal  sympathetic  chain  causes  no  tonic 
contraction  of  the  ipeilateral  hind  leg. 
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The  first  and  one  of  the  most  attractive  of  the  many  theories  as  to 
the  function  of  the  corpus  luteum  of  the  mammalian  ovary  is  that 
suggested  by  Beard  (1)  and  reiterated  by  Prenant  (2),  that  this  gland 
may  by  an  internal  secretion  inhibit  ovulation  during  pregnancy  in 
order  to  spare  the  organism  for  a  time  the  stresses  of  the  ovarian  cycle 
which,  as  Beard  supposed,  by  finally  asserting  themselves  bring  about 
parturition;  if  the  ovulation  cycle  reappears  prematurely,  abortion 
occurs  and  hence  the  necessity  of  some  such  inhibitory  mechanism  as 
the  corpus  luteum  was  supposed  to  furnish. 

Though  Beard's  theory  as  a  whole  did  not  retain  general  interest, 
that  part  of  it  which  refers  to  the  corpus  luteum  rests  upon  the  un- 
doubted fact  that  there  is  a  pause  in  ovulation  between  the  regular 
periods  and  during  pregnancy,  and  hence  the  possibility  of  an  inhibi- 
tory function  of  the  corpus  luteum  is  not  to  be  neglected. 

Among  the  mass  of  speculative  discussions  of  this  subject  there  have 
been  two  important  efforts  to  test  the  hypothesis  by  experiment.  Leo 
Loeb  (3)  attempted  to  determine  the  normal  period  of  ovulation  in 
guinea  pigs  and  then  to  remove  the  corpora  lutea  by  operation  and 
to  determine  the  time  of  the  ensuing  ovulation.  As  a  result  of  his 
experiments  he  believed  the  period  between  two  ovulations  to  be 
variable  but  usually  from  twenty  to  twenty-five  days,  and  never  less 
than  fifteen  days.  If  the  corpora  lutea  are  removed,  the  total  interval 
between  the  ovulation  previous  to  operation  and  that  next  following  is 
from  twelve  to  sixteen  days,  usually  about  fourteen.  The  occurrence 
of  ovulation  was  determined  by  killing  the  animals  at  varying  times  of 
the  cycle  and  studying  the  ovaries.  Recently  Stockard  and  Papani- 
colaou (4)  have  introduced  a  much  more  exact  method  of  following  the 
reproductive  cycle  in  living  animals  by  the  observation  of  vaginal 
changes,  and  have  determined  the  ovulation  cycle  of  the  guinea  pig  to 
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vary  from  fifteen  to  seventeen  days,  averaging  fifteen  and  one-half. 
Thus  it  would  seem  that  Loeb's  experiments  do  not  prove  an  accelera- 
tion of  ovulation  following  the  removal  of  the  corpora  lutea. 

Pearl  and  Surface  (5)  have  adopted  the  ingenious  method  of  admin- 
istering corpus  luteum  substance  to  hens,  in  which  the  function  of 
ovulation  is  more  frequent  and  much  more  easily  measured  than  in 
mammals.  In  a  small  series  of  carefully  guarded  experiments,  using 
hens  which  were  laying  regularly,  the  intra-abdominal  injection  of  the 
commercial  desiccated  corpus  luteum  substance  prepared  by  Armour 
&  Company,  in  doses  of  0.4  to  0.5  gram  per  kilogram  of  body  weight, 
suspended  in  normal  saline  solution,  produced  in  most  cases  an  inhibi- 
tion of  ovulation  lasting  for  several  days,  and  in  all  cases  the  number 
of  eggs  laid  in  the  ten  days  following  the  injection  was  markedly  leas 
than  in  the  same  period  before  treatment.  The  administration  of 
normal  saline  alone  and  of  boiled  corpus  luteum  substance,  did  not 
produce  inhibition  of  ovulation. 

It  has  seemed  to  the  present  writers  that  an  application  of  toe  same 
experiment  to  mammals  would  be  worth  an  attempt,  in  spite  of  the 
great  difficulties  attending  the  determination  of  ovulation  in  the  vivip- 
arous animals.  We  need  first  an  animal  in  which  ovulation  is  known 
to  be  frequent  and  fairly  regular,  and  second,  a  sure  means  of  detecting 
the  occurrence  of  ovulation  during  the  period  of  experiment.  Our 
work  was  concluded  before  we  could  make  use  of  Stockard  a  observa- 
tions, and  meanwhile  we  had  developed  an  experimental  method 
which  gives  an  exact  count  of  the  number  of  follicles  which  have 
ruptured  during  a  given  period,  by  direct  inspection  of  the  ovaries  and 
without  the  uncertainties  formerly  occurring.  This  method  we  owe 
to  the  generous  advice  of  Professor  Evans  and  Dr.  J.  A.  Ixtng  of  this 
University,  who  put  freely  at  our  disposal  the  results  of  their  long 
studies  upon  vital  staining  of  the  corpus  luteum  and  of  the  ovarian 
cycle  of  the  adult  rat,  Mus  norvegicus. 

The  studies  of  Drs.  Long  and  Evans,  now  in  course  of  preparation  for 
publication,  show  that  the  ovulation  cycle  of  the  rat  varies  from  four  to 
eleven  days  but  may  !*■  fairly  constant  for  any  one  rat.  Ovulation 
always  occurs  alwut  eighteen  hours  after  the  birth  of  a  litter,  and  we 
can  make  this  a  convenient  starting-point  for  following  the  cycle  by 
administering  a  vital  stain  which  will  color  all  corpora  lute*  existing  in 
the  ovary.  (In  this  animal  the  corpora  persist  for  many  weeks,  ao 
that  several  »ucc4>**ive  crops*  are  present  at  one  time.)  Follicles  rup- 
turing subsequently  to  the  time  of  staining  will  give  rise  to  unstained 
corpora  lutea. 
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The  dye  furnished  us  by  Doctor  Evans  was  a  salt-free  sample  of  a 
benzidine  compound  of  blue  color  having  the  following  formula: 
OH  OH  OH 

NaO,slilsO,Na  CHS  CHa 

NaO»S  ' 

His  testa  had  shown  that  this  dye,  when  administered  subcutane- 
eoufily  or  intra-abdominally,  is  readily  taken  up  by  the  lutein  cells  and 
stored  by  them  for  long  periods,  so  that  the  corpora  lutea  take  on  an 
intense  blue  color;  that  the  dye  is  not  unduly  toxic  in  proper  doses, 
and  that  with  certain  precautions  it  withstands  the  manipulations 
necessary  to  the  preparation  of  paraffin  sections.  Furthermore,  a 
long  series  of  experiments  by  Evans  and  Long  proves  that  the  dye  as 
used  for  vital  staining  of  the  ovaries  does  not  of  itself  inhibit  ovulation 
in  rate. 

The  animals  were  from  a  stock  resulting  from  the  inter-breeding  of 
albinos  with  a  few  rate  of  the  ordinary  brown  variety.  On  the  day  of 
littering  and  three  succeeding  days  they  were  given  intra-abdominal 
injections  of  4  cc.  of  a  sterilised  1  per  cent  solution  of  the  dye  in  0.7 
per  cent  NaCI.  On  the  fifth  day  we  began  the  administration  of  cor- 
pus luteum  substance.  Two  preparations  were  used,  one  beuu 
Armour's  desiccated  corpus  luteum- substance  from  cows,  extracted 
with  petroleum  benzene  to  remove  the  fate  (the  method  of  preparation 
is  given  by  Fenger  (6));  the  other  was  that  prepared  by  Hynson,  West- 
cott  &  Dunning,  which  we  are  informed  by  the  makers  undergoes  no 
changes  in  its  preparation  except  such  as  are  incidental  to  the  careful 
desiccation.  We  are  very  much  indebted  to  the  6rms  mentioned  for 
their  courtesy  in  furnishing  the  materials  for  our  work.  In  administer- 
ing the  corpus  luteum  substance  all  aseptic  precautions  were  used 
except  that  the  powder  itself  could  not  be  sterilized.  The  powder  was 
suspended  in  sterile  normal  saline  solution  by  means  of  a  mortar  and 
pestle. 

Ten  rats,  stained  as  described,  were  each  given  ten  doses  of  the 
Armour  preparation  on  alternative  days,  each  dose  consisting  of  200 
mgm.  of  corpus  luteum  substance  in  3  to  4  cc.  of  normal  saline.  As 
the  average  body  weight  of  the  animals  was  175  grams,  the  dose  repre- 
sented somewhat  more  than  1  gram  per  kilogram  of  body  weight,  and 
the  total  amount  received  by  each  rat  was  4  grams,  equivalent  to 
about  16  grams  of  the  fresh  substance. 
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On  the  twenty-fifth  day  after  littering  the  animals  were  lolled,  there 
having  been  time  for  two,  three  or  four  ovulation  cycles  to  have  elapsed, 
according  to  individual  variations  of  the  rats.  All  had  gained  a  little 
in  weight  (they  were  young  animals)  and  autopsy  showed  all  but  one 
to  be  in  good  condition,  except  for  intra-abdominal  adhesions  due  to 
the  granular,  partly  insoluble  and  unsterile  nature  of  the  injected  sub- 
stance. The  material  had  been  well  absorbed  in  all  cases.  One  rat 
showed  a  severe  recent  peritonitis.  The  numbers  of  stained  and 
unstained  corpora  lutea  were  noted  and  then  carefully  checked  under 
the  microscope  in  serial  sections;  to  which  end  the  ovaries  were  fixed 
by  injection  of  Zenker's  fluid  through  the  aorta,  removed  after  three 
hours  and  washed  in  70  per  cent  alcohol,  dehydrated,  cleared  with 
xylol  and  imbedded  in  paraffin.  The  serial  sections  were  stained  on 
the  slide  with  alcoholic  carmine.  It  is  important  to  avoid  aqueous 
reagents  in  order  not  to  dissolve  the  microscopic  dye-granules. 

In  all  the  animals,  including  the  one  which  was  Buffering  from  peri- 
tonitis, ovulation  had  continued  unchecked,  as  proven  by  the  presence 
in  their  ovaries  of  new  unstained  corpora  lutea  numbering  from  thirteen 
to  thirty.  The  individual  counts  of  stained  and  unstained  corpora 
are  very  similar  to  those  found  in  stainod  animals  which  have  not 
received  corpus  luteum  substance,  after  the  same  number  of  days. 
In  one  of  the  experimental  animals  the  normal  ova  of  a  recent  ovula- 
tion were  discovered  in  the  Fallopian  tubes. 

One  rat  received  the  Hynson,  Westcott  &  Dunning  preparation, 
but  in  daily  doses,  thus  receiving  twice  as  much  as  was  given  the  first 
ten  animals.  This  dose  was  sufficient  to  cause  great  emaciation  and 
many  adhesions,  but  there  were  ten  unstained  and  thirteen  stained  cor- 
pora lutea  in  the  two  ovaries.  A  control  animal  killed  the  same  num- 
ber of  days  after  littering  showed  thirteen  unstained  and  twenty-seven 
stained  corpora  lutea. 

CONCLUSION 

The  intraperitoneal  injection  of  large  doses  of  desiccated  mammalian 
corpus  luteum  substance  does  not  inhibit  ovulation  in  the  rat. 
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I.  The  objections  which  certain  writers  have  urged  against  the  theory 
of  phototropism  in  animals,  as  originally  propounded  by  Loeb  and  so 
brilliantly  developed  and  supported  by  his  later  quantitative  researches, 
are  of  considerable  variety:  thus  upon  the  one  hand  we  note  that  in 
different  cases  the  fact  of  photic  orientation  is  either  denied,  or  its 
method  is  stated  to  be  indirect,  or  it  is  dismissed  as  a  "laboratory 
product"  (which  is  quite  beside  the  point);  while  upon  the  other  hand 
we  find,  for  cases  where  the  orientation-process  itself  is  unmistakably 
clear,  that  exception  is  more  specifically  taken  to  the  conception  of 
direct  photic  excitation,  which  the  tropism  theory  advances.  It  is 
with  an  exception  of  the  latter  category  that  we  propose  to  deal  in 
this  paper. 

Developing  an  idea  originally  made  prominent  by  Jennings,  Mast 
('11,  '14)  has  been  the  most  active  defender  of  the  proposition  that 
the  orienting  stimulus  in  photic  responses  can  in  general  be  traced  to 
the  "time  rate  of  change  of  intensity"  of  the  incident  light  upon  pho- 
toreceptors. This  view  of  the  method  of  excitation  in  phototropic 
movements  obviously  demands,  among  other  things,  at  least  these  two 
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preliminary  conditions:  (I)  A  change  of  the  incident  tight  intensity 
must  actually  be  shown  to  take  place  with  an  effective  "time  rate;" 
and  (2)  the  known  response  to  change  in  light  intensity,  when  such 
form  of  reaction  takes  place,  must  be  of  a  character  appropriate  to 
produce  orientation  of  the  kind  (negative  or  positive)  actually  exhibited 
by  the  particular  animal  concerned.  The  latter  condition  is,  as  a 
matter  of  fact,  very  generally  realised;  thus  Mast  remarks  ('11,  p.  265): 

In  many  of  the  lower  form*  (how  low  in  not  indicated]  orientation  results  from 
response*  to  change  in  light  intensity.  When  these  forma  are  negative  they 
respond  only  to  an  increase  of  intensity,  and  when  they  are  positive  only  to  a 

The  behavior  of  some  very  slowly  moving  animals  in  an  illuminated 
field  gives  valuable  information  relative  to  the  first  of  the  necessary 
conditions  to  which  we  have  referred,  and  there  are  a  few  animals  in 
which  the  second  of  these  conditions  can  be  subjected  to  examination. 
We  are  concerned  in  this  communication  with  the  photic  behavior  of 
an  animal  which  seems  especially  valuable  in  relation  to  both  of  these 
conditions,  but  more  particularly  to  the  latter,  since  its  response  to 
change  in  light  intensity  ("differential  sensitivity")  is  always  of  a 
character  consistent  with  the  sense  in  which  photic  orientation  takes 
place.  This  animal  is  Chiton  tuberculatum  Linn.,  the  common  inter- 
tidal  chiton  of  the  Bermudas.  The  behavior  of  this  'primitive'  mollusk 
has  not  previously  received  attention,  presumably  because  of  the 
reputation  for  persistent  sluggishness  which  the  Placophora  in  general 
enjoy;  nevertheless,  their  activities  prove,  upon  careful  scrutiny,  to 
exhibit  a  number  of  exceptionally  interesting  features.1 

II.  Young  individuals  of  this  species  of  chiton  are  almost  always 
located  under  loosely  piled,  flat  stones,  in  relatively  dark  surroundings, 
at  about  the  upper  limit  of  the  tides.  This  is  particularly  true  of 
specimens  less  than  2  cm.  long;  when  still  younger,  less  than  1  cm. 
long,  the  chitons  are  commonly  found  )>eneath  tow-water  level.  Some- 
what older  animals  are  also  found  in  this  type  of  habitat  but  after  they 
attain  a  length  of  6  cm.  they  commonly  frequent  more  exposed  situa- 
tions. Chitons  of  the  largest  size  (8  to  9  cm.)  are  most  usually  found 
freely  exposed  upon  the  intcrtidal  sone  of  the  shore  rocks  although 
they  also  inhabit  crevices,  semiconcealed  depressions,  the  under  sur- 

1  For  an  account  of  the  behavior  of  this  animal  and  an  analysis  of  its  reac- 
tions, we  may  refer  to  a  forthcoming  report  by  Arey  and  Crosier  on  "Ths  sen- 
sory responses  of  Chiton"  (cf.  Arey,  '18). 
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face  of  large  flat  rocks  and  other  more  or  leas  dark  places.  Charac- 
teristically, however,  the  young  chitons  are  found  in  dark  situations, 
while  the  oldest  ones  live  in  the  light.1  When  the  photic  responses  of 
the  young  chitons  and  of  the  old,  taken  from  these  respectively  char- 
acteristic habitats,  are  studied  in  comparison,  it  is  found  that  the 
smallest  chitons  are  uniformly  photonegative,  the  larger  ones  photo- 
positive.  A  miscellaneous  collection  of  individuals  may  be  caused  to 
separate  into  two  general  size-groups  by  means  of  their  respective 
reactions  to  sunlight  falling  obliquely  upon  them.  They  become 
oriented  in  a  diagrammatic  manner.  It  is  necessary  to  study  their 
reactions  when  immersed  in  seawater,  for  although  the  smallest  speci- 
mens (less  than  2  cm.  long)  move  about  actively  upon  a  moist  surface, 
the  older  ones  do  not  creep  freely  when  in  air. 

This  difference  in  the  behavior  of  the  chitons  of  targe  and  of  small 
size  respectively  is  clean-cut  and  thoroughly  consistent  when  the 
extremes  of  size  are  compared.  When  animals  of  intermediate  size, 
5  to  7  cm.  long,  were  studied  it  became  clear  that  the  sense  in  which 
orientation  occurred  depended  upon  the  intensity  of  the  light  employed. 
An  experiment  illustrating  this  behavior  may  be  cited:  Owing  to 
the  relatively  large  size  of  the  animals  and  to  the  slowness  with  which 
they  move,  it  has  been  convenient,  as  well  as  necessary,  to  give  care- 
ful attention  to  the  responses  of  isolated  single  individuals. 

Chitons  123.5,  123.7.  Obtained  from  a  deep  crevice  in  the  shore  rock  on  the 
north  ude  of  Long  Island.  Placed  in  a  dark  container  and  protected  from  light 
until  tested. 

9.00  a.m.     Placed  in  sea  water  in  a  shallow,  rectangular  glass  vessel  illuminated 
by  diffuse  light  from  a  north  window;  each  animal  so  placed  that 
its  long  axis  was  transverse  to  the  light. 
9.07  a.m.    Both  chitons  oriented  toward  the  window,  toward  which  each  crept 

for  12  cm.  iu  a  straight  line. 
9. IS  a.m.    Animals  placed  as  before  at  the  center  of  the  glass  vessel,  one  headed 
into  the  light,  the  other  transverse  to  it.     Direct  sunlight  reflected 
horizontally  upon  the  chitons. 
9. IB  a.m.    Both  began  orienting  away  from  the  light;  crept  away  from  the  light 
as  far  as  possible. 

'  The  smaller  chitons,  consistently  found  under  stones,  are  all  less  than  two 
years  old.  With  increasing  age  there  is  an  increasing  tendency  to  frequent  illu- 
minated areas ;  this  correlation  is  not  mathematically  exact  but  is  clear  and  unmis- 
takable, so  that  individuals  eight  years  old  or  older  are  almost  always  found  in 
the  light.  The  evidence  supporting  these  statements  regarding  age  cannot  be 
given  here,  but  will  be  found  in  a  subsequent  paper  by  one  of  the  present  writers 
(W.  J.  C.  }  treating  of  the  bionomics  of  chiton. 
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9.U  a.m.    Tested  again,  this  time  with  light  reflected  from  the  north  sky. 

Both  animals  diagrammatic  ally  positive . 
10  a.m.  to  It  m.     Four  further  alternations  of  weak  and  strong  light  gave  results 
completely  consistent  with  the  preceding. 
Chiton  123.5  waa  a  male  6.6  cm.  long,  no.  123.7  a  female*,  6.7  cm.  long. 

All  that  we  wish  to  show  at  this  point  is  that  small  (young)  chitons 
are  photonegative,  the  largest  ones  characteristically  pbotopositive, 
and  those  of  intermediate  size  positive  or  negative  according  to  the 
intensity  of  illumination.  The  cause  of  this  change  in  behavior  is  not 
important  for  our  further  conclusions  in  this  paper,  although,  as  we 
shall  subsequently  indicate,  it  has  an  important  significance  for  the 
method  of  origin  of  some  conspicuous  bionomic  correlations  which  this 
chiton  displays. 

HI.  Chiton  tuberculatus  is  also  reactive  to  shading.  It  is  in  fact 
remarkably  sensitive  to  a  very  small,  but  sudden,  decrease  in  light 
intensity.  When  a  chiton  is  creeping  quietly  in  moderately  bright 
sunlight,  the  shadow  produced  by  a  fly,  six  feet  distant,  passing  between 
it  and  the  sun,  will  cause  the  animal's  girdle  to  be  firmly  applied  to  the 
substratum;  after  a  half  minute  or  perhaps  less  the  chiton  continues 
its  creeping  toward  the  light,  while  in  other  instances  small,  momen- 
tary shadows  produce  merely  a  local  depression  of  the  girdle.  //  tiu 
same  individual  chiton  be  caused  to  orient  and  to  make  locomotor  progress 
away  from  a  stronger  source  of  light,  it  gives  during  this  process  reaetionM 
to  shading  which  are  of  measurably  greater  amplitude.  Chitons  of  all 
ages  and  from  every  variety  of  habitat  are  consistent  in  their  behavior 
toward  shading.  The  reaction  to  suddenly  decreased  illumination  is, 
to  shadows  of  small  area,  local  in  character,  and  at  its  maximum  consist* 
(when  the  animal  is  creeping  on  a  solid  substratum)  in  ventral-ward 
contractions  of  the  girdle,  cessation  of  locomotion  and  contraction  of 
the  musculature  of  the  foot  and  body  generally;  the  magnitude  of  these 
movements  depends  largely  upon  the  original  intensity  of  the  light 
and  the  amount  of  the  chiton's  surface  which  may  be  shaded.  The 
response  to  shading  is  here  essentially  of  that  prompt,  precise,  local 
and  predictable  character  which  one  finds  exhibited  in  other  molluaks 
and  in  various  echinoderms  and  has  led  to  its  being  loosely  and  some- 
what gratuitously  denominated  a  "  reflex"  to  shading. 

The  ventral  surface  of  chiton  is  also  sensitive  to  shading.  In  this 
general  distribution  of  differential  sensitivity  over  its  surface,  chiton 
differs  considerably  from  such  photopositive  gastropods  as  (onus  and 

'Cf.  Crosier  ('18). 
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certain  nudibranchs,  for  example.  The  response  to  shading  of  the 
ventral  surface  comprises,  in  cases  where  the  response  is  maximal,  a 
complete  rolling  up  of  the  shell  and  contractive  movements  upon  the 
head,  foot,  girdle  and  ctenidia.  Under  certain  conditions  this  response 
on  the  part  of  Chitons  fully  extended  but  resting  on  their  dorsal  surface, 
is  exceedingly  delicate,  both  to  shading,  to  touch  and  to  other  forms  of 
excitation.  Never  under  any  circumstances  does  chiton  respond  to 
an  increase  in  illumination,  however,  whether  the  dorsal  or  the  ventral 
aspect  of  the  animal  is  involved  in  the  experiment,  except  as  noted 
in  the  following: 

In  older  chitons  the  periphery  of  the  girdle  is  sensitive,  and  reactive,  to 
increase  of  light  intensity,  provided  the  final  intensity  be  that  of  brilliant 
sunlight.  The  response  is  that  already  described,  a  depression  of  the  girdle 
to  the  substratum.  It  is  much  less  vigorous,  much  less  complete,  and  more 
slowly  carried  out,  than  is  a  response  to  an  equivalent  shading.  So  far  as  it 
goes,  this  response  completes  the  cycle  of  qualitative  proof  that  changes  of 
light  intensity,  as  such,  are  of  no  concern  in  phototropic  movements — because 
their  sense  is  inconsistent  with  that  in  which  orientation  takes  place.  The 
girdle  reaction  to  light  suddenly  made  brighter  is  present  under  conditions  in 
which  the  chiton  is  photopositive.  Moreover,  the  girdle  is  not  involved  in 
photoreception  leading  to  orientation,  since  this  process  remains  the  same 
when  the  girdle  has  been  removed  (by  amputation). 

IV.  Thus  Chiton  tuberculatus  is  in  its  younger  stages  photonegative, 
in  its  later  years  of  life  characteristically  photopositive,  toward  ordi- 
nary sunlight.  Individuals  of  all  ages,  independently  of  the  type  of 
habitat  from  which  they  may  be  taken  and  regardless  of  the  sense  in 
which  they  are  found  to  be  oriented  by  light  of  a  given  intensity, 
indicate  by  motor  responses  of  a  uniform  character  that  they  are 
negatively  reactive  to  sudden  diminution  in  light  intensity.  They  do 
not  react  in  this  way  to  a  sudden  increase  in  light  intensity.  It  may 
be  emphasized  here,  as  in  the  case  of  certain  pedate  holothurians 
(Crozier,  '14,  '15),  that  the  simultaneous  presence  of  photonegative 
orientation  and  a  precise  negative  response  to  shading,  without  any 
response  (of  the  part  concerned  in  orienting  reactions)  to  increased 
illumination,  is  thoroughly  inconsistent  with  the  idea  that  photonega- 
tive orientation  is  bought  about  by  a  stimulation  induced  through  any 
change  in  light  intensity,  as  such. 

The  behavior  of  chiton  is  especially  significant,  however,  since  the 
older  individuals  are  to  various  degrees  (and  in  many  cases  very 
strongly)  photopositive,  though  still  fully  reactive  to  shading;  and 
since  in  any  given  chiton  of  medium  size  photopositive  or  photonega- 
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tive  orientation  may  be  brought  about  at  will  by  appropriately  con- 
trolling the  acting  luminous  intensity,  yet  without  impairing  the  con- 
stant sense  of  its  "differential  sensitivity."  We  are,  then,  entirely  at 
liberty  to  believe,  and  indeed  forced  to  expect,  that  in  other  animals 
also  photopoaitive  orientation  may  have  no  organic  connection  of  any 
sort  with  such  sensitivity  to  shading  as  they  may  exhibit. 
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INTRODUCTION 

The  purpose  of  these  experiments  was  to  determine  the  behavior 
of  the  leopard  frog,  Rana  pipiens  Schreber,  in  water  of  different 
temperatures. 

That  the  body  temperature  of  the  frog  and  of  other  cold-blooded 
vertebrates  is  very  little,  if  at  all,  above  that  of  their  surroundings 
seems  to  be  a  well  attested  fact  (Milne  Edwards,  '68;  Rogers  and  Lewis, 
'16).  Knauthe  ('91)  and  Mtiller-Erzbach  ('91)  have  studied  the  effects 
of  low  temperatures  on  the  frog  dealing  more,  however,  with  its  resist- 
ance to  cold  than  with  its  behavior.  Knauthe  found  that  frogs  could 
survive  a  twelve  hours'  exposure  to  a  temperature  ranging  from  —  1°  C. 
to  —5°  C,  during  which  their  body  temperature  sank  from  —0.2°  C. 
to  —0.8°  C.  Most  of  the  frogs  failed  to  recover  when  the  body  tem- 
perature was  reduced  to  —0.9°  C.  Muller-Erzbach  froze  frogs  in 
water  and  exposed  them  to  a  temperature  of  from  — 4°C.to  — 6°C. 
for  several  hours.    They  afterwards  revived. 

Maurel  et  Lagriffe  ('00)  decided  that  the  frog  cannot  survive  a  tem- 
perature of  —5°  C.  but  may  survivea  temperature  of  0°  C.  to  —3° C. 
These  investigators  studied  the  effect  on  the  frog  of  temperatures  from 
—4°  C.  to  41°  C,  pointing  out  a  certain  parallelism  between  the  effects 
of  abnormal  cold  and  abnormal  heat. 

Torelle  ('03)  described  the  behavior  of  the  frog  at  various  tempera- 
tures. She  found  that  the  positive  phototactic  response  in  a  dry  box 
was  much  accelerated  by  raising  the  temperature  to  25°  C.  Between 
26°  C.  and  30°  C.  the  frog  grew  restless.  Above  30°  C.  it  no  longer  re- 
sponded to  light.  At  a  temperature  of  about  8°C.  the  frog  became 
sluggish  and  was  negatively  phototactic.    When  placed  in  a  jar  of 
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water  at  this  temperature,  the  frog  swam  down  to  the  bottom  where  it 
crawled  about.  It  did  the  same  when  either  the  upper  or  lower  two- 
thirds  of  the  jar  were  darkened.  The  frog  appeared  stereotropic  in 
water  at  temperatures  between  4°  C.  and  10°  C,  trying  to  crawl  under 
stones  or  get  between  them  and  the  jar. 

Babak  ('13)  also  studied  the  stimulation  of  frogs  by  changes  of  tem- 
perature. A  frog  from  which  the  forebrain  had  been  removed  in- 
creased the  rate  of  its  pharyngeal  respiratory  movements  when  a  warm 
thermaesthesiometer  was  held  at  about  1  mm.  from  its  skin  and  de- 
creased the  rate  when  cold  was  similarly  applied. 

Judging  from  the  results  thus  far  cited  it  seems  that  the  frog  can 
withstand  a  temperature  at  least  as  low  as  —  3°  C.  It  swims  down 
and  is  sluggish  in  water  at  temperatures  below  10°  C,  and  it  is  especially 
active  at  temperatures  from  25°  C.  to  30°  C. 

The  present  study  of  temperature  reactions  was  suggested  by  G.  H. 
Parker  and  carried  on  under  his  direction.  Two  main  points  were 
considered : 

I.  The  percentage  of  time  that  a  frog  will  spend  at  the  surface  of 
water  at  different  temperatures  in  trials  of  fifty  minutes  duration;  and 
2.  The  number  of  times  that  the  frog  will  go  from  the  surface  to  the 
bottom  and  vice  versa  during  these  trials. 


In  making  observations  on  the  frogs  I  used  the  following  apparatus. 
Two  glass  jars  32  cm.  high  by  24  cm.  in  diameter,  filled  with  water  to 
a  depth  of  22  cm.  were  placed  side  by  side  on  a  small  table.  Thick 
wads  of  paper  were  kept  under  the  table  legs  to  exclude  any  disturbing 
vibrations  that  might  be  transmitted  through  the  Boor.  Each  jar 
was  surrounded  by  a  screen  that  cut  off  all  light  except  that  which 
came  from  in  front.  The  jars  were  illuminated  by  diffuse  light  from 
the  laboratory  windows.  The  olmerver  sat  in  front  of  the  jars  at  a  dis- 
tance of  4  or  5  meters  and  the  utmost  care  was  taken  not  to  disturb 
the  frogs  during  an  experiment  by  movements  or  noises.  The  screen- 
ing of  the  jars  was  no  arranged  that  the  movements  of  a  frog  in  one  jar 
could  not  be  seen  by  a  frog  in  the  other  jar. 

In  making  the  tests,  the  jars  were  partly  filled  with  water  at  the 
desired  temperature  and  the  frogs  put  in.  The  main  stock  of  frogs  was 
kept  in  a  tank  in  the  basement  of  the  laboratory  where  it  was  light, 
but  those  to  be  tented  were  generally  kept  in  jars  in  the  laboratory 
for  a  day  or  so  before  the  tests  were  made. 
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Each  experiment  began  with  a  preliminary  twenty-five  minutes  dur- 
ing which  the  frog  was  allowed  to  become  accustomed  to  the  new  situa- 
tion and  to  recover  from  the  disturbance  of  having  been  handled.  After 
this  period  had  passed,  record  of  the  frog's  behavior  for  the  next  fifty 
minutes  was  made,  the  whole  proceeding  thus  requiring  one  hour  and 
a  quarter.  Usually  two  frogs  were  tested  at  once,  one  in  each  of  the 
two  jars  previously  mentioned. 

A  graphic  record  was  kept  of  the  behavior  of  each  frog.  The  tem- 
perature of  the  water  at  the  beginning  and  end  of  each  experiment 
was  read  to  0.1°  C.  from  a  calibrated  thermometer  graduated  to  degrees. 
The  temperature  of  the  water  during  the  period  of  an  experiment,  one 
hour  and  a  quarter,  varied  at  most  5°  C,  a  common  change  being  about 
2°C.  The  average  for  the  fifty-minute  trial  was  estimated  by  adding  to 
or  subtracting  from  the  final  temperature  one-third  the  difference  be- 
tween the  initial  and  final  temperatures. 

Ten  records  of  this  sort,  obtained  from  ten  different  frogs,  were  made 
for  every  5°  C.  from  0°  C.  to  35°  C.  Thus,  each  record  of  the  first  set 
has  an  average  trial  temperature  between  0°  C.  and  5°  C;  while  those 
-  of  the  second  set  have  average  temperatures  between  5°  C.  and  10°  C. 
The  first  records  were  made  on  February  21  and  the  last  on  May  12. 
This  time  of  year  is  usually  not  the  most  favorable  one  for  work  on 
frogs  as  many  of  them  die,  but  tests  were  made  on  only  such  animals 
as  were  in  good  condition. 

In  discussing  the  results  of  these  experiments,  the  general  behavior 
of  the  frogs  at  the  various  temperatures  may  be  taken  up  first,  after 
which  the  interpretation  of  their  behavior  will  be  considered. 

Temperatures  from  0"C.  to  S°C.  When  first  placed  in  the  jar,  a  frog 
generally  swam  down  to  the  bottom  immediately.  This  was  usual  at  all 
temperatures  because  the  animal  was  disturbed  by  handling.  In 
water  at  temperatures  between  0°  C.  and  5°  C,  the  frog  then  commonly 
tried  to  regain  the  surface  by  a  series  of  hard  kicks*  becoming  more 
feeble  as  the  animal  grew  stiff.  It  then  settled  down  to  the  bottom  by 
gravity.  This  was  quite  distinct  from  swimming  down.  It  remained 
at  the  bottom  practically  all  the  time  during  the  preliminary  twenty- 
five  minutes  and  the  fifty  minutes  of  the  real  trial.  It  was  very  slug- 
gish, occasionally  crawling  around  the  bottom,  moving  the  hind  legs 
alternately,  or  making  a  few  kicks  toward  the  surface.  If  it  reached 
the  top  of  the  water  it  usually  sank  down  again  very  soon,  frequently 
into  an  erect  position  with  hind  feet  resting  on  the  botton.  In  sinking, 
it  sometimes  fell  over  on  its  back  and  then  righted  itself  gradually. 
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When  quiet,  it  was  crouched  or  stretched  out  on  the  bottom  of  tbe 
jar  or  erect.  The  frog  was  often  apparently  benumbed  when  taken 
from  the  jar,  and  would  lie  quietly  on  its  back  in  one's  hand.  Maurel 
et  Lagriffe  ('00)  note  loss  of  the  sense  of  equilibrium  between  6°C. 
and  7°C.  When  put  in  water  at  room  temperature,  the  frog  became 
active  in  a  minute  or  bo. 

Among  the  frogs  tested  one  marked  exception  to  this  general  descrip- 
tion was  noted.  This  frog  floated  68  per  cent  of  the  time  in  water  at  a 
temperature  of  1.5°C.  It  went  from  the  top  to  the  bottom  of  the  jar 
forty  times  during  the  trial,  swimming  down  rather  than  sinking.  This 
frog  behaved  so  entirely  differently  from  the  others  that  its  record  was 
omitted  in  plotting  the  curves  to  be  discussed  later. 

The  average  temperature  of  the  ten  trials  was  2.8°C.  The  time 
spent  at  the  surface  varied  from  none  (eight  cases)  to  four  per  cent,  with 
an  average  of  0.5  per  cent.  The  number  of  times  the  frog  went  between 
surface  and  bottom  during  the  fifty-minute  trial  varied  from  none  (five 
cases)  to  twelve,  with  an  average  of  2.2  times. 

Temperaiurea  from  5°C.  to  1CPC.  Frogs  in  water  at  these  tempera- 
tures were  distinctly  more  active  than  in  water  from  0°C.  to  5V., 
though  they  were  still  somewhat  sluggish.  They  generally  swam 
rather  than  sank  down  and  spent  most  of  the  time  crouched  on  the 
bottom  or  crawling  about  there. 

The  average  temperature  of  the  ten  trials  was  7.1V.,  the  propor  ion 
of  time  at  the  surface  varied  from  none  (three  cases)  to  fifteen  per  cent , 
with  an  average  of  4.2  percent.  The  number  of  times  the  frog  went  up 
or  down  varied  from  none  (one  case)  to  forty-six,  averaging  18.3  times. 

Temperatures  from  MFC.  to  15°C.  At  these  temperatures  the  activity 
of  the  frogs  was  much  greater  than  in  the  preceding  sets  of  trials.  Th« 
animals  swam  up  and  down  very  freely  and  did  not  sink.  They  fre- 
quently floated  at  the  surface,  seldom,  however,  for  more  than  a  minute 
at  a  time. 

The  average  temperature  in  the  ten  trials  was  11.9°C.  Tbe  frogs 
were  at  the  surface  from  3  to  48  per  cent  of  the  time,  averaging  16.4 
per  cent.  They  swam  up  or  down  from  two  to  one  hundred  and  thirty- 
seven  times  during  the  fifty  minutes,  with  an  average  of  55.4  times. 

Temperatures  from  tS°C.  to  2CPC.  At  these  temperatures  the  frogs 
were  slightly  more  active  than  in  the  preceding  set  of  experiments  and 
floated  more.  In  two  cases  the  animals  floated  quietly  nearly  the  whole 
fifty  minutes  of  the  trial.  When  they  floated  thus,  they  often  had  their 
hind  legs  spread  out  on  the  surface  of  the  water;  when  they  came  up  for 
a  short  time  the  hind  legs  generally  hung  down. 
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The  average  temperature  of  the  ten  trials  was  17. 6°C.  The  time  spent 
at  the  surface  varied  from  1  per  cent  to  100  per  cent,  with  an  average  of 
37.9  per  cent.  The  number  of  times  the  frogs  went  up  or  down  varied 
from  one  to  two  hundred  and  sixteen,  averaging  64.2  times. 

Temperatures  from  2CPC.  to  26°C.  At  these  temperatures  the  behav- 
ior of  the  frogs  was  decidedly  variable,  but  they  swam  up  and  down  less 
than  at  temperatures  slightly  higher  or  lower.  Some  frogs  floated 
quietly  most  of  the  time;  others  stayed  crouched  or  occasionally  erect 
at  the  bottom;  others  swam  up  and  down  repeatedly.  Id  one  instance 
the  frog  sank,  somewhat  as  in  cold  water,  instead  of  swimming  down, 
taking  at  least  fifteen  seconds  to  settle  from  the  top  to  the  bottom. 

The  average  temperature  was  22.3°C.  The  frogs  spent  from  1  per 
cent  to  all  of  the  time  at  the  surface,  averaging  52.6  per  cent,  and  went 
up  or  down  from  none  to  one  hundred  and  four  times,  averaging  26.7 
times. 

Temperatures  from  25°C.  to  3(fC.  The  results  of  these  trials  were 
similar  to  those  between  20°C.  and  25°C.  except  that  the  average  ac- 
tivity of  the  frogs  was  considerably  increased  in  this  set.  However, 
there  were  some  cases  of  quiet  floating.  The  frogs  showed  some'effects 
of  the  slightly  unusual  heat.  Their  movements  tended  to  be  rapid 
and  jerky.  One  active  animal  usually  swam  down  but  sometimes  sank ; 
another  fell  over  on  its  back  at  one  time.  This  may  have  been  due 
to  a  slight  loss  of  the  sense  of  equilibrium,  which  fylaurel  et  Lagriffe 
COO)  found  to  be  conspicuously  the  case  in  warmer  water  (34°C.  to 
36°C). 

The  average  temperature  was  27.3°C.  The  proportion  of  time  at  the 
surface  varied  from  13  to  100  per  cent,  averaging  52.4  per  cent.  The 
□umber  of  times  the  frogs  went  up  or  down  varied  from  none  to  one 
hundred  and  thirty-one  with  an  average  of  75.9  times. 

Temperatures  from  8CPC.  to  S6°C.  At  these  temperatures  the  frogs 
more  clearly  showed  disturbance  from  the  heat.  When  first  placed  in 
the  jar  they  swam  to  the  bottom  as  usual,  then  after  a  minute  or  so  be- 
gan swimming  up  and  down  rapidly.  Sometimes  the  frog  would  then 
sink  down,  remain  quiet  at  the  bottom,  give  a  spasmodic  kick  up  and 
sink  again  with  body  held  motionless.  One  frog  did  this  ten  times  in 
eleven  minutes  during  the  preliminary  twenty-five  minutes,  but  stopped 
sinking  before  the  period  of  the  final  test.  Two  continued  sinking  dur- 
ing this  period.  This  sinking  was  not  restricted  to  high  or  low 
temperatures  For  it  was  noted  once  that  a  frog  sank  in  water  at  room 
temperature.  However  the  tendency  seemed  much  more  marked  in 
water  below  5°C.  and  above  30°C. 
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Though  decidedly  active  during  part  of  the  preliminary  twenty-five 
minutes,  the  frogs  were  relatively  quiet  during  the  trial  period,  floating 
a  good  deal  and  making  occasional  sudden  dives  and  splashes  even  when 
apparently  undisturbed.  The  difference  in  behavior  between  the  pre- 
liminary and  the  trial  periods  might  be  accounted  for  either  by  the 
assumption  that  the  frog  had  become  accustomed  to  the  heat  or  by  the 
fact  that  the  water  had  cooled  off  a  little.  The  temperature  usually 
fell  about  4°C.  during  the  one  hour  and  a  quarter.  The  experiments  of 
this  set  had  the  largest  range  of  temperature. 

The  average  temperature  was  31.9°C.  The  frogs  floated  from  42 
per  cent  to  all  of  the  time,  averaging  57  per  cent.  The  number  of 
times  the  frogs  went  up  or  down  varied  from  none  to  ninety-five,  with 
an  average  of  30.6  times. 

Temperatures  above  SS°C.  Frogs  put  in  water  at  a  temperature  of 
about  38°C.  swam  around  very  vigorously  at  first,  then  in  a  couple  of 
minutes  became  quiet.  They  were  promptly  removed  from  the  jar, 
motionless,  as  when  taken  from  water  at  a  temperature  below  5"C. 
Placed  in  cold  water,  they  revived  in  a  minute  or  two.  One  frog  was 
put  in 'water  at  a  temperature  of  about  42.5°C.  It  swam  about  with 
extreme  rapidity  and  when  taken  out  within  about  a  minute  lay  on  its 
back  apparently  dead.  After  being  in  water  at  room  temperature 
about  an  hour,  it  swam  a  little  but  did  not  fully  recover.  Next  day  it 
was  dead.  Temperatures  over  3S°C.  are  probably  above  the  physio- 
logical limit  of  normal  activity. 

DISCUSSION 

The  preceding  descriptions  may  be  summarised  by  means  of  curves, 
figures  1  and  2.  In  these  graphs  each  curve  is  drawn  from  seven 
points.  Each  point  in  curve  B  of  both  graphs  is  based  on  the  average 
of  ten  records,  while  the  points  in  A  and  C  represent  the  extremes  in 
these  records.  In  both  graphB  the  abscissas  represent  temperature  in 
degrees  centigrade  and  the  ordinates  either  the  percentages  of  time  at 
the  surface  (fig.  1)  or  the  number  of  excursions  made  by  the  frogs 
(filC-  2). 

In  the  percentage  of  time  spent  at  the  upper  surface  of  the  water 
(fig.  1)  the  lowest  point  on  each  of  the  three  curves  is  not  significant 
in  showing  a  reaction,  for  below  5"C.  the  frogs  did  not  swim  but  merely 
sank  because  of  their  inaction  and  specific  gravity.  This  was  the  regu- 
lar occurrence  unless  the  frogs'  throat  or  lungs  were  inflated  with  air. 
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In  swimming  down  frogs  frequently  blew  out  bubbles  of  air.  The  aver- 
age curve,  B,  shows  a  smooth  rise  between  about  7°C.  and  22°C,  indi- 
cating the  frog's  tendency  to  seek  deep  water  at  low  temperatures. 
The  upper  part  of  this  curve  is  hardly  significant.  It  merely  showa  that 
in  warmer  water  the  frogs  were  at  the  top  about  half  the  time,  a  condi- 
tion that  might  well  be  attributed  to  chance  without  reference  to  tem- 
perature. 

The  curves  that  represent  the  maximum,  A,  and  the  minimum  time, 
C,  spent  at  the  top  indicate  by  their  distance  from  each  other  the  range 


Fig.  1.  The  percentages  of  time  spent  by  frogs  at  the  upper  surface  of  the 
water  at  temperatures  varying  between  0s  and  35"C.  The  abscissas  represent 
temperature  in  degrees  centigrade.  The  ordi  nates  represent  in  percentages  the 
proportions  of  the  50-rainuto  intervals  spent  by  the  frogs  at  the  top  of  the  water. 
Curve  A  shows  maximum  percentages,  curve  B  average  percentages  and  curve  C, 
minimum  percentages  of  time  spent  at  the  top.  Each  of  the  seven  points  in 
curve  B  represents  the  average  of  ten  records,  while  the  points  in  curves  A  and  C 
show  the  extremes  of  these  records.' 


of  variability  of  the  different,  frogs.  This  variability  is  least  at  the 
lower  end  of  the  curve,  where  the  frogs  were  largely  controlled  by  grav- 
ity, and  it  then  increases  rapidly,  being  greatest  between  about  17°C. 
and  22°C,  where  the  temperature  might  be  considered  neutral  and  not 
strongly  stimulating,  thus  leaving  the  frog's  behavior  more  dependent 
upon  other  factors.  At  still  higher  temperatures,  variability  is  some- 
what reduced.  Averages  determined  for  a  range  of  5°C.  frdm  ten 
records  having  results  varying  as  widely  as  these  do  are  of  course  likely 
to  be  farther  from  the  true  averages  than  in  cases  where  the  records 
obtained  agree  more  closely. 
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The  activity  of  the  frogs  as  indicated  by  the  number  of  times  they 
went  from  the  surface  to  the  bottom  of  the  water  or  vice  versa,  is  shown 
in  figure  2.  This  is  a  fair  measure  of  their  activity,  for  the  jars  were  too 
small  to  allow  much  horisontal  swimming.    The  curve  for  the  average 


Fig.  2.  The  activity  of  frogs  at  temperature*  varying  from  0*  to  36*C.  The 
abscissas  represent  temperature  in  degrees  centigrade.  The  ordinate*  represent 
the  numbers  of  time*  the  frogs  ascended  and  descended  in  the  water  in  each  50- 
minute  interval.  Curve  A,  maximum  number  of  excursions;  curve  B.  avera#s 
number  of  excursions;  curve  C,  minimum  number  of  excursions.  Each  of  the 
seven  points  in  curve  B  represents  an  average  of  ten  records,  while  the  points  in 
curves  A  and  C  show  the  extremes  of  these  records. 


of  the  records,  B,  shows  a  marked  increase  in  activity  between  about 
3*0.  and  I2°C  It  is  doubtful  whether  the  rest  of  the  curve  is  of  much 
significance,  as  the  averages  obtained  could  easily  be  far  from  true  aver- 
ages because  of  the  great  variation  in  the  records.  It  is,  however,  of 
some  interest  to  compare  curve  B  with  the  observations  of  Maurel  et 
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Lagriffe  ('00).  They  consider  the  interval  from  20°C.  to  25°C.  to 
cover  the  normal  temperature  for  the  frog.  This  is  a  region  of  rather 
low  activity  on  the  curve.  From  27"C.  to  29"C. and  from  11°C.  to 
15*C,  Maurel  et  Lagriffe  note  " hyperexcitabiliteV'  In  curve  B 
about  27.5°C.  on  one  side  of  normal  and  about  17.5°C.  on  the  other  are 
points  of  greatest  activity.  It  should  be  noted,  however,  that  these 
are  not  sharply  determined  points  but  merely  the  averages  of  ten  tem- 
peratures between  25"C.  and  30"C.,  and  10°C.  and  I5°C,  respectively. 
A  decrease  in  activity  above  27.5°C.  and  below  17.5°C.  is  apparent 
in  the  curve,  corresponding  to  Maurel  et  Lagriffe's "  hypo-excitabilit6" 
between  30°C.  and  33°C,  and  8°C.  and  10°C.  Curves  A  and  C  to- 
gether show  the  great  variability  of  the  records  on  which  curve  B  is 
based  and  the  consequent  uncertainty  of  this  curve  for  the  higher 
temperatures. 

SUMMARY 

Below  5°C.  the  frogs  became  very  sluggish  and  inactive.  Gravity 
caused  them  to  settle  to  the  bottom. 

Between  about  5°C.  and  about  20°C.  the  colder  it  was  the  leBs  the 
frogs  were  at  the  top  of  the  water  and  the  less  active  they  were. 

Between  about  20°C.  and  30°C.  the  frogs  did  not  show  any  very 
definite  reactions  to  temperature  and  their  movements  were  highly 
variable. 

Above  30"C.  they  showed  somewhat  decreased  activity  and  a 
tendency  to  sink  in  the  water. 

Above  35°C.  the  heat  had  an  injurious  effect  upon  them. 

Much  more  variation  in  behavior  is  shown  at  high  than  at  low 
temperatures. 
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From  the  results  of  recent  work  regarding  the  vasomotor  reaction  to 
adrenalin  several  facts  Beem  to  have  been  established.  It  has  been 
found  that  in  anaesthetized  cats  and  dogs  the  arterioles  supplying  skele- 
tal muscle  dilate  when  small  quantities  of  adrenalin  are  injected  into 
the  circulation  and  that  their  reaction  changes  to  constriction  when  the 
concentration  of  adrenalin  is  sufficiently  increased  (1),  (2).  The  ves- 
sels of  the  intestinal  tract  have  been  found  to  give  the  opposite  response 
since  they  constrict  when  small,  and  dilate  when  large  doses  are  in- 
jected (3).  It  has  been  shown  that  there*  are  many  parts  of  the  or- 
ganism, bone  (4),  skin  (5),  spleen  (3),  (6),  and  possibly  kidney  (3),  (7), 
the  vessels  of  which  show  no  active  dilatation  from  doses  of  any  strength. 
It  is  further  conceded  by  the  most  recent  workers  (2),  (8), (9)  that  all 
blood  vessels  which  are  dilated  by  small  quantities  of  adrenalin  lose 
this  reaction,  for  the  time  being  at  least,  when  separated  from  central 
control  by  cutting  their  nerves.  Dilatation  under  these  circumstances 
is  generally  replaced  by  constriction.  The  reason  for  this  change  in 
reaction  and  the  whole  question  of  the  mechanisms  involved  are  still 
debated.  It  has  been  repeatedly  suggested  that  the  conflicting  effects 
of  adrenalin  in  varying  concentration  are  entirely  due  to  its  stimulation 
of  neuromuscular  junctions  of  two  kinds,  one  constricting  and  the  other 
dilating.  Those  who  hold  this  view  believe  that  vessels  which  have 
been  recently  denervated  fail  to  respond  by  dilatation  to  adrenalin 
because  of  loss  of  tone  (6),  (10). 

Work  from  this  laboratory  has  shown  that  stimulation  of  the  sym- 
pathetic and  dorsal  root  ganglia  by  adrenalin  is  sufficient  to  account  for 
the  dilatation  '(H)-  Although  G ruber  has  shown  that  some  time  after 
denervation  peripheral  mechanisms  respond  in  a  similar  manner,  this 
might  be  due  to  loss  of  sensitivity  by  the  constrictor  myoneural  junc- 
tions.   The  present  research  is  an  investigation  ofcthis  problem. 
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The  methods  employed  are  those  of  the  previous  researches  described 
in  this  Journal,  with  some  modifications  and  additions.  Adrenalin 
chloride  solution  (Parke,  Davis  &  Company)  was  used  except  in  one 
experiment,  in  which  a  more  concentrated  solution  was  needed  for 
direct  application  to  ganglia.  In  this  case  we  used  pure  adrenalin, 
made  by  the  same  firm.  Blood  pressure  was  taken  from  the  carotid 
artery  and  injections  into  the  general  circulation  were  made  by  way  of 
the  jugular  vein.  In  order  to  reduce  the  constrictor  effects  of  the  skin, 
we  eliminated  the  paw  by  using  a  metal  cuff  open  at  both  ends,  a  side- 
tube  furnishing  connection  for  the  bellows.  Both  ends  of  the  cuff  were 
made  air-tight  by  packing  with  a  vaseline-cotton  or  vaseline-paraffin- 
cotton  mixture.  In  the  perfusion  experiments,  when  records  were  to  be 
taken  of  one  hind  limb  only  we  put  the  cannula  into  the  common  iliac 
artery;  when  both  limb  volumes  were  being  recorded  we  perfused 
through  the  abdominal  aorta  immediately  above  the  bifurcation.  The 
perfusion  fluid  was  allowed  to  escape  through  slits  in  the  iliac  vein  or 
veins  directly  into  the  abdominal  cavity  since  any  attempt  to  lead  it 
away  through  cannulae  from  the  veins  resulted  sooner  or  later  in  clot- 
ting. In  some  experiments  we  had  difficulty  in  getting  an  equal  flow 
of  the  perfusion  solution  to  the  two  limbs.  Results  from  these  were 
of  course  discarded.  The  difficulty  was  found  to  be  lessened  by  tying 
the  internal  iliac  and  the  middle  sacral  arteries.  The  pressure  employed 
for  perfusion  varied  in  different  experiments  between  10  mm.  and  50 
mm.  Hg.,  the  average  being  about  20  mm. 

In  all  experiments  involving  denervation  of  a  limb  both  the  sciatic 
and  femoral  nerves  were  severed.  Aseptic  precautions  were  observed 
in  those  animals  which  were  to  be  kept  for  later  use.  '  In  none  of  our 
experiments  did  infection  of  the  muscles  result.  The  skin  suppurated  in 
a  few  cases  due  to  post-operative  infection,  but  this  seemed  in  no  way 
to  affect  the  muscle. 

In  the  two  experiments  (p.  505)  in  which  the  changing  volume  of  a 
limb  after  denervation  was  to  be  continuously  recorded  as  well  as  its 
response  to  periodic  doses  of  adrenalin,  we  connected  the  plethyBmograph 
by  means  of  a  T-piece  to  two  bellows,  one  large  and  one  small.  The 
stow  changes  were  recorded  on  the  larger  one,  while  the  little  one  (de- 
flated) was  clamped  off.  When  the  time  came  for  injection,  the  clamp 
was  removed  from  the  small  bellows  tube,  the  latter  bellows  being 
slightly  inflated  by  a»small  compression  of  the  larger  bellows,  then  the 
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tube  leading  to  the  large  bellows  was  clamped.  The  small  bellows  was 
thus  prepared  to  register  a  small  volume  change  in  the  limb.  After 
the  injection  effects  were  finished,  the  clamp  on  the  large  bellows  tube 
was  removed,  the  small  bellows  was  deflated  by  forcing  the  air  into  the 
large  bellows  and  then  clamped  off.  By  this  method  no  air  was  lost 
during  the  experiment. 

RESULTS 

Response  after  recent  denervation.    The  peripheral  effect  of  adrenalin 
was  compared  with  the  total  "gangliar  peripheral"  effect  in  fifteen  cats 


Pig.  I.  Small  active  dilatation  (A)  of  a  dcnei-vated  limb  which  occura  when 
0.2  e*.  of  adrenalin,  1 :  100,000  is  given  disappears  when  a  iligb tly  larger  dose 0.4 
bc.  of  the  ume  solution.  (B)  is  injected.  Although  the  bellowa  for  the  normal 
limb  waa  leea  eenaitive,  it  does  show  that  the  maximum  dilatation  of  the  normal 
limb  coincide*  with  the  maximum  fall  in  blood  pressure  while  the  dilatation  of 
the  denervated  limb  doea  not  coincide.    Cat,  3.3  kgm.     (Reduced  ooc-hslf ) 

by  studying  the  volume  changes  in  a  denervated  limb  simultaneously 
with  thorn  in  a  normal  limb  (2).  The  response  of  the  denervated  limb 
was  predominantly  constriction,  although  there  was  a  short  period  of 
dilatation  which  usually  occurred  at  the  time  of  the  blood  pressure  rise. 
Except  in  a  few  infltanccs  this  was  undoubtedly  a  passive  effect.  Id 
these  the  dilatation  penu^ted  for  a  short  time  during  the  blood  pressure 
fall  and  came  earlier  than  that  in  the  normal  limb  (fig.  I,  A).  This 
dilatation  occurred  only  from  small  doses  of  adrenalin,  a  small  increase 
in  the  adrenalin  being  sufficient  to  obliterate  all  but  a  slight  passive 
effect  (fig.  1,  B).     On  the  other  hand  more  than  ten  times  the  dose  of 
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adrenalin  was  required  to  produce  constriction  in  the  norma)  limb  as 
compared  with  that  for  constriction  in  the  denervated  limb,  e.g.,  con- 
striction in  the  denervated  limb  always  occurred  with  doses  of  about 
0.2  cc.  to  0.4  ec.,  1: 100,000  adrenalin  or  less,  while  from  0.3  cc.  to  1.0 
cc.  1 :  10,000  adrenalin  was  necessary  to  produce  a  similar  result  in 
the  normal  limb. 

Cutting  the  nerves  to  the  limb  must  produce  the  result  described 
either  by  removing  the  influence  of  the  gangliar  dilator  mechanism  or 
by  modifying  the  blood  vessels  themselves  so  that  they  do  not  respond 
through  the  medium  of  the  peripheral  mechanism.  From  Gruber's 
work  it  appears  that  after  some  time  has  elapsed  the  dilator  response  to 
adrenalin  develops  in  the  denervated  limb.  He  assumes  that  this  is 
due  to  a  recovery  of  tone.  In  .order  to  test  this  theory  we  conducted 
the  following  experiments. 

After  both  the  sciatic  and  femoral  nerves  of  one  hind  limb  were  dis- 
sected out  and  secured  by  loose  ligatures,  the  limb  was  placed  in  a 
plethysmograph  tube  connected  to  the  double  bellows  system  described 
above.  The  nerves  were  severed  and  the  change  in  volume  of  the  leg 
registered  every  five  minutes  during  the  remainder  of  the  animal's  life. 
Every  hour  the  response  to  a  depressor  dose  of  adrenalin  was  deter- 
mined. In  this  way  the  adrenalin  reaction  could  be  studied  in  direct 
relation  to  the  condition  of  relaxation  or  contraction  of  the  vessel  walls. 

In  the  first  experiment  of  this  kind  the  animal  (cat,  1.8  kgm.)  was 
anaesthetized  with  ether  and  lived  for  eight  hours.  The  limb  dilated 
at  an  almost  uniform  rate  for  the  first  five  hours  after  the  nerves  were 
cut.  Dilatation  became  slower  during  the  sixth  hour  and  had  com- 
pletely  stopped  at  the  end,  from  which  time  the  volume  of  the  limb  re- 
mained the  same  until  the  eighth  hour,  when  the  animal  died.  The 
blood  pressure  remained  fairly  good  until  a  short  time  before  death. 
The  dose  of  adrenalin  used  for  testing  was  0.2  cc,  1 :  100,000.  Through- 
out the  experiment  this  produced  a  fall  in  blood  pressure,  preceded  by  a 
slight  rise.  The  limb  responded  by  a  short  dilatation  (which  may 
easily  have  been  due  to  the  preliminary  blood  pressure  rise)  followed  by 
a  more  prolonged  constriction  until  the  end  of  the  sixth  hour  when  ac- 
tive dilatation  appeared.  In  other  words  while  the  limb  was  in  the 
process  of  dilating  as  a  result  of  denervation  adrenalin  caused  constric- 
tion, but  when  the  dilatation  from  this  cause  was  complete  a  small 
amount  of  active  dilatation  occurred  from  adrenalin. 

In  a  second  experiment  where  urethane  was  given,  the  cat  (2.2  kgm.) 
lived  thirty-three  hours.    The  maximum  dilatation  was  reached  be- 
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Fir.  2.  The  response  of  *  dener- 
vated  limb  to  a  depreaaor  dose  of 
adrenalin  during  "atonic"  and 
"Ionic"  conditions.  The  hours 
represent  the  length  of  time  after 
cutting  the  nerve*.  The  period  of 
maximum  dilatation  wu  reached 
between  the  sixth  and  seventh 
hours,  t'p  to  that  time  the  vessels 
may  be  considered  "atonic;"  after 
the  seventh  hour  they  may  be  con- 
sidered "tonic;"  0.5  ec.,  adrenalin 
I :  100.000  was  injected  in  earh  cane 
The  upper  record  at  earh  hour 
represent*  limb  vdumr,  the  lower 
if.  IiIihhI  jireuurr.  Cat.  2. 'J  hum. 
I'rethar.c.      iltrdured  one-half) 


tween  the  sixth  and  seventh  hours. 
It  did  not  remain  long  at  this  level, 
but  constriction  soon  began,  continu- 
ing gradually  until  the  twenty-second 
hour,  when  it  ceased.  It  remained  at 
this  level  for  the  next  eight  hours.  The 
amount  of  this  remaining  dilatation 
was  about  one-fifth  of  the  maximum. 
The  dose  of  adrenalin  in  each  instance 
was  0.5  cc,  1 :  100,000.  This  usually 
produced  a  fall  in  blood  pressure, 
which  was  preceded  by  a  rise.  During 
the  first  five  hours  adrenalin  produced 
dilatation  and  constriction  of  the  limb, 
the  dilatation  appearing  to  be  largely 
passive.  At  the  sixth  and  seventh 
hours  the  dilatation  became  more  ac- 
tive and  from  that  time  onward  the 
dilator  reaction  to  adrenalin  was  mora 
pronounced.  This  was  undoubtedly 
due  in  part  at  least  to  active  stimu- 
lation, although  there  was  considera- 
ble variability  in  the  curves,  some- 
tunes  the  constriction  being  more 
pronounced  and  the  dilatation  more 
passive  (fig.  2).  On  the  whole  it  may 
be  said  from  the  two  experiments  that 
active  dilatation  of  a  denervated  limb 
in  response  to  adrenalin  becomes  more 
prominent  after  the  relaxation  result- 
ing from  denervation  has  ceased. 

In  the  above  experiment  we  found 
that  a  large  part  of  the  dilatation  re- 
sulting from  denervation  had  been  re- 
covered from  in  eighteen  hours  and 
that  there  was  little  change  for  the 
next  twelve  hours.  At  this  time  if 
the  nature  of  the  reaction  depends  on 
the  condition  of  tone  in  the  vessels, 
adrenalin  should  (jive  Rood  dilatations. 
In  addition  to  the  experiment  just 
described  we  tried   two  others.     One 
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hind  limb  was  denervated  in  each  of  two  cats.  Eighteen  hours  later 
the  animal  was  again  anaesthetized  with  ether  and  a  study  made  of 
the  adrenalin  response,  with  the  following  results: 

Cat,  S.I  kgm.,  0.3  cc,  1 :  100,000  adrenalin  caused  a  similar  amount  of  dilatation 
in  both  the  normal  and  denervated  limbs.  Doses  of  0.5  cc.  to  1.0  cc,  1: 100,000 
adrenalin  produced  either  constriction  alone  or  else  dilatation  and  constriction 
in  the  denervated  limb.  Larger  doses  produced  marked  constriction  in  the  same 
limb.  Doses  as  large  as  S.O  cc,  1 :  100,000  still  produced  dilatation  in  the  normal 
limb,  moreover  these  dilatations  were  much  more  pronounced  than  any  resulting 
in  the  denervated  limb.  It  took  0.8  cc,  1:  10,000  adrenalin  to  cause  a  reversal 
in  the  normal  imb  and  then  it  was  not  complete,  dilatation  preceding  the 
constriction. 


Fig.  3.  A.  Marked  active  dilatation  of  adenervated  (IShr.)  limb  with  a  small 
dose  of  adrenalin  0.2  cc,  1: 100,000.  No  effect  in  the  normal  limb.  B.  Constric- 
tion of  the  same  denervated  limb  with  1.5  cc,  1: 100,000  adrenalin;  dilatation  of 
the  normal  limb.    Cat,  2.6  kgm.     (Reduced  one-half) 

Cat,  8.6  kgm.,  0.2  cc,  1: 100,000  adrenalin  caused  a  marked  dilatation  in  the 
denervated  limb,  but  no  effect  in  the  normal  limb  (fig.  3,  A).  Dilatation  in  the 
denervated  limb,  occurred  with  doses  as  large  as  1.0  cc,  1: 100,000  but  1.5  cc 
'  of  the  same  concentration  caused  constriction  (fig.  3,  B).  Dilatations  were  not 
produced  in  the  normal  limb  until  0.3  cc,  1: 100,000  adrenalin  was  injected.  Dila- 
tation in  this  limb  resulted  from  doses  as  large  as  0.5  cc,  1: 10,000  adrenalin; 
however,  0.7  cc  of  the  latter  concentration  caused  a  reversal. 

In  both  experiments  the  range  of  dosage  for  dilatation  in  the  dener- 
vated limb  was  small  while  quite  large  amounts  of  adrenalin  were  re- 
quired to  bring  about  reversal  in  the  normal  limb.  It  seems  from  these 
experiments  that  tone  may  play  a  part  in  the  response  of  a  denervated 
limb  to  small  doses  of  adrenalin.     Moreover  it  appears  that   the 
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*  t'nlesa  otherwiar  stated  dilatation  means  active  dilatation. 
A  -  1 :  100.000  adrenalin. 
H  -  1:  10.000  adrenalin. 
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peripteral  mechanism  has  a  much  more  limited  action   than   the 
"gangliar-peripheral"  mechanisms  when  taken  together. 

After  denervation  of  greater  duration.     Animals  (six  dogs  and  three 
cats)  were  studied  which  had  had  the  sciatic  and  femoral  nerves  severed 


Fig.  4.  Dilatation  of  the  hind  limb  of  a  cat  (2.4  kgra.)  to  0.2  oc,  adrenalin, 
1 :  100,000,  seven  days  after  denervation.     (Reduced  one-half) 


Fig.  5.  Dilatation  of  the  hind  limb  of  a  dog  {14  kgm.)  to  0.8  cc.  adrenalin, 
1:  60,000,  twenty-two  days  after  denervation.     (Reduced  one-half) 

in  one  limb  from  seven  to  thirty  days  before.  It  can  be  seen  from-  the 
following  table  (table  1)  that  although  the- lapse  of  a  week  in  most* 
cases  renders  the  peripheral  dilator  mechanism  more  effective  (see; 
figs.  4  and  5),  a  greater  amount  of  time  does  not  materially  increase  the' 
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Fl*.  6.  Reverul  of  the  adrenalin  reaponae  in  a  (reahly  denenratod  linb  by  par- 
fusion.  Upper  record-  circulation  to  lunba  intact.  1.0  ee.  adrenalin,  1: 10,000 
Injected  into  tbe  juniilsr  vein.  Lower  record — limb*  perfuaed,  3.0  ee.  adrenalin, 
1 :  10,000  injected  into  1  hr  ttrrfusion  fluid.     Dog  24  kgoi.     (Reduced  one-naif) 
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TABLE* 

Comparison  of  normal  and  denervaUd  limbt  before  and  after  perfusion 


™- 

««« 

IDBUULM 

m-u***. 

.ra.,.™«. 

kfm. 

to. 

7.  Dog 

17.0 

0.5  A 
0.3  B 
0.7  B 

1.0  A 
1.0  B 

Dilatation 
Dilatation 
Co  ust  riction 
Dilatation 

Dilatation   and   constric- 
tion 

8.  Dog 

15.0 

1.3  A 

Dilatation  and  constric- 
tion 

Small   dilatation   and 
marked  constriction 

0.5  B 

Marked  di' a  tat  ion  and 
small  constriction 

Marked  constriction 

0.7  A 

Marked  dilatation 

O.i  B 

Dilatation  and  constriction 

SO  B 

Pure  constriction 

»■  Dot 

0.S  A 

Dilatation 

Constriction 

0.4  B 

Marked  dilatation 

Marked  constriction 

0.7  B 

Dilatation  and  constric- 
tion 

Marked  constriction 

1.0  A 

Dilatation 

4.0  B 

Marked  dilatation 

1.0  C 

Dilatation  and  constriction 

10.  Dog 

7.5 

0.4  A 

Dilatation  and  constric- 
tion 

Dilatation  and   constric- 
tion 

4.0  A 

Dilatation  and  constric- 
tion 

Marked  constriction 

0.5  A 

Dilatation 

Dilatation 

1.0  B 

Constriction 

Constriction 

11.  Dog 

24.0 

0.5  B 

Dilatation 

Constriction 

2.5  B 

Marked  dilatation 

Marked  constriction 

4.5  B 

Dilatation  and  constrio- 

Marked  constriction 

1.0  B 

Marked  dilatation 

Dilatation 

6.0  B 

Dilatation   and   constric- 

Dilatation    and    constric- 
tion 

A  -  1 :  100,000  adrenalin. 
B  -  1:10,000  adrenalin. 
C  -  1 : 1,000  adrenalin. 

Limb  perfused  where  italics  are  used,  injections  in  that  case  into  the  perfu- 
sion fluid,  otherwise  into  the  jugular  vein. 
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effect.  Id  most  cases  the  constrictor  mechanism  bad  become  less  sensi- 
tive as  compared  with  that  in  the  normal  limb  (see  animate  I,  2  and  S, 
table  1).  On  the  other  hand,  occasionally  the  dilator  mechanism  was 
easily  fatigued  so  that  after  a  few  doses  the  dilator  response  disap- 
peared or  was  considerably  decreased. 

TABLE  1 

Compariton  of  perfused  limbi  of  animati  inlmblt  I* 


„*.* 

W.,«T 

«-. 

.«»«» 

„.....„.„.. 

Um. 

<*. 

4    Dog  dener- 

14.0 

2.0  A 

Dilatation 

Dilatation 

T*Md    22 

0.4  B 

Dilatation 

Dilatation 

i.y. 

1.6  B 

Dilatation   and   con- 
striction 

Dilatation  and  con- 
striction 

S.  Dog  dener- 

6.2 

0.05  A 

No  effect 

No  effect 

vated    31 

0.1    A 

Smalt  constrict  ion 

Small  constriction 

days 

0.5    A 

Dilatation   and    con* 
■trie  lion 

Dilatation  and  con- 
striction 

0.2    B 

Dilatation  and  mark- 
ed  constriction 

Dilatation  and  small 
constriction 

0.2    B 

Marked  dilatation 

0.5    B 

Very    marked    dilnta- 

1.0    B 

Very  marked  dilata- 
tion 

0.5    C 

Marked  dilatation 

0.8    C 

Dilatation  and  con- 
striction 

*  Injections  into  the  perfusion  fluid. 
A  -  1: 100,000  adrenalin. 
B  -  1 :  10,000  adrenalin . 
V.  m  1:1,000  adrenalin. 

The  dilatation  of  the  denervated  limb  was  no  totter  developed  in 
these  animals  than  in  some  of  the  responses  from  a  limb  denervated 
but  a  few  hours  before  (sec  fig.  2;  7  hr„  19  hr.).  However  the  dilata- 
tion was  more  constant  in  occurrence  and  resulted  from  a  greater  range 
of  doses.  From  the  very  fact  that  dilatation  quite  often  takes  place  in 
the  denervated  limb  from  doses  larger  than  those  necessary  to  produce 
reversal  in  the  normal  limb,  it  seems  that  a  change  has  taken  place  in 
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the  myoneural  junctions.     Tbe  constrictor  junctions  must  have  lost 
in 'sensitiveness  or  the  dilator  junctions  have  gained. 

Response  of  perfused  limbs.  We  have  obtained  dilatation  of  both 
normal  and  denervated  limbs  from  the  injection  of  adrenalin  into  the 
fluid  which  was  perfusing  them*'  A  comparison  of  the  perfused  normal 
and  denervated  limbs  injected  in  this  way  should  help  to  explain  the 
peripheral  dilator  mechanism. 


Fig.  S 
Fig.  7.  Dilatation  of  a  perfused  hind  limb  of  a  cat  by  tbe  action  of  A  depressor 
dose  of  adrenalin  (0.6  cc.,  1 :  100,000)  upon  tbe  gangli&r  portion  of  the  dilator 
mechanism.    Cat  2.4  kgm.     (Reduced  one-half) 

Fig.  8.  Dilatation  of  a  hind  limb  produced  by  a  depressor  dose  of  adrenalin 
acting  upon  the  gangliar  portion  of  the  dilator  mechanism.  Upper  record— re- 
sponse of  the  hind  limb  to  0.4  cc.  adrenalin,  1: 100,000  injected  into  the  jugular 
vein,  circulation  intact.  Lower  record — response  of  the  same  limb  to  0.6  cc. 
adrenalin,  1: 100,000  injected  into  the  jugular  vein.    (Reduced  one-half) 
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By  perfusion  of  a  recently  denervated  limb  an  immediate  change  in 
the  response  to  adrenalin  is  brought  about,  so  that  dilatation  instead 
of  constriction  is  easily  produced  (fig.  6  and  table  2).  This  change 
is  similar  to  that  occurring  in  a  denervated  limb  with  normal  eireula- 
tion  several  hours  after  denervation  (figs.  2,  3,  4,  5  and  table  1).  The 
peripheral  response  to  adrenalin  in  perfused  normal  and  denervated 
limbs  is  essentially  the  same  when  carried  out  simultaneously  in  one 
animal  (animals  10  and  11,  table  2).  On  the  other  hand  there  is  greater 
variability  in  the  response  of  a  perfused  limb  which  has  been  denervated 
for  several  days.  In  one  case  the  constrictors  were  easily  fatigued  so 
that  after  a  few  doses  of  adrenalin  they  could  not  again  be  brought  into 
action  except  by  a  dose  of  0.8  cc. ,  1 : 1 ,000  (animal  5,  table  3) .  In  an- 
other case  even  perfusion  did  not  bring  about  dilatation  in  an  animal 
which  had  shown  no  active  dilatation  with  intact  circulation  (dog,  limb 
denervated  eight  days).  The  normal  limb  gave  dilatation  before  and 
after  perfusion  but  this  is  an  exceptional  case  in  our  experience. 

"Gangliar"  dilatation  from  depressor  doses.  Gruber  (9,  p.  311)  failed 
to  obtain  dilatation  of  a  perfused  limb  from  the  injection  of  depressor 
doses  of  adrenalin  to  the  general  circulation.  He  infers  that  the 
gangliar  effect  is  produced  only  by  pressor  doses.  We  have  been  able 
to  show  in  two  experiments  that  depressor  doses  of  adrenalin  can 
bring  the  gangliar  mechanism  into  action.  In  both  animals  a  alight 
increase  in  the  dose  was  necessary,  but  the  blood  pressure  response  was 
a  pure  fall  or  else  a  slight  rise  and  decided  fall.  The  animals  were  cats 
weighing  2.4  kgm.  and  3.0  kgm .  In  the  first,  0.6  cc.,  1 :  100,000  was 
required  after  perfusion  (fig.  7).  In  the  second,  0.4  cc.,  1:100,000 
caused  dilatation  before,  while  0.6  cc.,  1: 100,000  was  required  after 
perfusion  (fig.  8).  When  perfusion  had  gone  on  for  some  time  even 
larger  doses  of  adrenalin  were  required  to  produce  dilatation. 

DISCUSSION 

The  relation  of  tone  to  the  reversal  of  adrenalin  effect*.  Recognising 
the  fact  that  adrenalin  may  cause  dilatation  through  both  gangliar 
and  peripheral  action,  we  are  confronted  with  the  question  as  to  the 
normal  site  of  dilator  action.  It  has  been  shown  that  cutting  gangliar 
connection  with  the  limb  in  a  majority  of  cases  prevents  the  dilatation 
of  that  part.  Gruber  (9,  p.  307)  maintains  that  this  is  due  to  a  loss 
of  tone  in  the  vessels.  In  order  to  understand  the  development  of 
the  tone  theory,  we  should  first  consider  the  work  of  Cannon  and  Lyman 
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(10)  who  were  the  first  to  suggest  this  interpretation  for  the  opposite 
effects  of  depressor  doses  of  adrenalin.  Their  view  was  reached  by  the 
exclusion  of  other  possibilities,  viz.,  (1)  central  source,  (2)  blocking  of 
vasoconstrictor  impulses,  (3)  stimulation  of  vasoconstrictor  and  vaso- 
dilator nerve  endings.  Their  exclusion  of  the  third  possibility  was  on 
account  of  the  meagre  evidence  for  the  existence  of  vasodilator  nerves 
in  the  sympathetic  system.  They  found  that  the  blood  pressure  re- 
sponse was  changed  to  a  rise  if  the  tone  had  been  lowered  sufficiently 
by  overheating,  separation  from  tie  central  nervous  system  or  by  ex- 
treme action  of  the  depressor  nerve.  They  attributed  vasodilation  and 
vasoconstriction  to  opposite  actions  of  adrenalin  according  to  the  state 
of  the  muscle — relaxation  when  tonically  shortened,  contraction  when 
relaxed. 

G  ruber's  conclusions  were  reached  because  of  his  inability  to  obtain 
dilatation  in  a  freshly  denervated  limb  and  the  recovery  of  the  dilator 
response  in  a  limb  a  few  days  after  denervation.  He  attributed  the 
reappearance  of  the  dilator  reaction  to  a  restoration  of  tone.  It  might 
also  be  due  to  a  loss  in  sensitiveness  of  the  constrictor  myoneural 
junctions. 

Let  us  consider,  first,  the  question  of  tone.  In  all  of  our  experiments 
with  recently  denervated  animals  the  reactions  to  adrenalin  were  studied 
within  thirty  minutes  after  denervation  and  were  continued  for  one 
or  two  hours.  We  have-  shown  above  that  the  maximum  dilatation  is 
not  reached  until  the  sixth  hour  after  denervation  so  that  those  studies 
were  made  during  the  period  of  steady  relaxation.  Within  this  time 
the  usual  adrenalin  response  is  constriction,  afterwards  toe  reaction 
begins  to  reverse  (fig.  2).  It  is  not  that  the  vessels  have  suddenly  di- 
lated to  their  limit  and  cannot  expand  further,  because  they  only  gradu- 
ally reach  this  stage  after  six  or  seven  hours.  Moreover  they  do  not 
appear  to  dilate  to  the  limit  at  any  time  as  a  result  of  denervation  be- 
cause while  they  are  in  this  state  of  maximum  relaxation,  depressor 
doses  of  adrenalin  often  cause  further  dilatation  (fig.  2).  We  may 
draw  the  conclusion  that  while  relaxation  is  going  on  the  vasodilator 
myoneural  junction  is  not  so  easily  brought  into  action  and  that  the 
constrictor  effect  therefore  predominates. 

The  state  of  relaxation  seems  to  affect  only  the  adrenalin  receptive 
substance.  Active  dilatation  of  a  denervated  limb  in  which  the  vessels 
are  relaxing  can  easily  be  produced  by  a  substance  from  ox  pituitaries 
(fig  9).  In  the  same  animal  depressor  doses  of  adrenalin  usually  caused 
constriction  of  the  denervated  limb  (fig.  1). 
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After  denervation  of  greater  duration.  A  few  days  after  cutting  the 
nerves  to  a  limb,  the  latter  has  regained  its  power  to  dilate  in  response 
to  adrenalin  so  that  it  does  as  well  as  the  normal  limb.  This  might 
be  explained  by  the  recovery  in  tone,  but  a  large  part  of  the  tone  has 
been  recovered  within  twenty-four  hours,  bo  that  the  reaction  at  tbe 
twenty-fourth  hour  should  not  differ  much  from  that  several  days  later. 
But  it  does  differ  in  this  respect  that  in  denervations  of  longer  duration 
it  requires  much  larger  doses  of  adrenalin  to  cause  constriction ;  in  other 
words,  there  is  a  larger  range  of  dosage  producing  dilatation.  In  fact 
a  larger  dose  than  that  required  for  the  normal  limb  is  needed  to  bring 
about  reversal  in  the  majority  of  cases  (table  1).  Gruber  (0,  p.  310) 
also  found  this  to  be  true.    One  can  interpret  this  either  as  a  loss  in  sen- 


Fig.  9.  Dilatation  of  a  f  rashly  denervated  limb,  produced  by  a  depressor  aub- 
atance  obtained  from  pituitary  glands.     Cat.     (Reduced  one-half) 

sitiveness  of  the  constrictor  junctions  or  a  gain  in  sensitiveness  of  tbe 
dilator  junctions.  The  tone  theory,  however,  does  not  appear  to  ac- 
count for  this  point. 

In  regard  to  the  question  of  variation  in  sensitiveness  of  the  myoneu- 
ral junctions  we  have  the  work  of  Elliott  (12),  which  indicated  that  all 
muscles  thrown  into  contraction  by  adrenalin  have  their  irritability  to 
this  substance  increased  by  denervation-  However  we  have  no  proof 
that  dilator  junctions  would  be  thus  affected. 

Effects  of  adrenalin  in  perfused  limbs.  A  number  of  investigators  have 
studied  the  response  of  various  perfused  organs  to  adrenalin  with  vari- 
able result*.  This  would  be  one  of  the  best  methods  of  proving  the 
existence  of  vasodilator  nerves  in  the  sympathetic  if  active  dilatation 
could  be  so  obtained. 
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Employing  the  change  in  rate  of  venous  outflow  to  indicate  the  vaso- 
motor response  Salvioli  (14)  and  Brodie  and  Dixon  (15)  obtained  only 
constriction  in  the  hind  limb  when  adrenal  extract  or  adrenalin  was 
added  to  the  perfusion  fluid.  The  latter  experimenters  found  this  to 
be  true  even  in  limbs  which  had  been  denervated  two  or  three  months 
before.  Pari  (16)  repeatedly  obtained  an  increased  outflow  from  the 
limb  in  one  experiment  when  a  perfusion  of  1 :  500,000  adrenalin  was 
used,  but  he  inferred  that  this  was  due  to  decomposition  products. 

Langendorff  (17)  from  his  results  with  rings  of  coronary  arteries 
concluded  that  they  possessed  sympathetic  vasodilators  which  were 
stimulated  by  adrenalin.  His  results  were  confirmed  by  Cow  (18)  and 
Park  (19).  Brodie  and  Cuius  (20)  from  experiments  upon  perfused 
hearts  concluded  that  the  main  cause  of  adrenalin  dilatation  was  the 
excitation  of  vasodilator  "  nerve-endings." 

Langlois  and  Desbouis  (21)  obtained  constriction  in  the  lung  vessels 
with  large  doses,  1.0  mgm.,  and  dilatation  with  small  doses,  0.05  mgm. 
Similar  results  on  perfused  lungs  were  described  by  Tribe  (22). 

Other  organs  have  given  dilatation  from  dilute  adrenalin  perfusing 
them.  For  instance,  the  kidney  and  the  intestine  have  been  found  by 
Ogawa  (23)  to  react  in  this  way.  But  so  far  as  we  know  the  limb  has 
not  been  found  to  react  thus  when  perfused  except  in  the  one  experi- 
ment of  Pari  (16)  and  in  experiments  by  Ogawa  (23)  on  the  rabbit  in 
which  he  sometimes  obtained  dilatation  following  constriction,  but 
never  primary  dilatation. 

We  found  it  easy  to  produce  dilatation  by  the  injection  of  adrenalin 
into  the  fluid  perfusing  a  limb.  Whether  the  nerves  had  been  cut  or 
not  seemed  to  make  no  difference  in  the  reaction  (table  2). 

Why  should  perfusion  reverse  the  reaction  of  a  denervated  limb? 
Does  it  mean  that  perfusion  of  vessels  which  were  previously  relaxing 
causes  them  to  begin  to  contract  and  thus  produces  the  reversal? 
That  might  be  the  condition  in  perfusion  with  low  pressure  (20  mm.) 
but  in  a  number  of  our  experiments  we  have  doubled  or  tripled  the  pres- 
sure without  materially  reducing  the  dilator  response  to  adrenalin. 
Moreover  Tribe  (22)  found  in  the  perfused  lung  that  with  high  pressure 
it  was  easier  to  obtain  dilatation  than  constriction. 

Another  observation  which  suggests  an  explanation  of  the  results  just 
described  is  the  increase  in  the  range  of  doses  of  adrenalin  which  will 
cause  dilatation  in  both  normal  and  denervated  limbs.  The  interpre- 
tation which  this  seems  to  suggest  is  that  perfusion  renders  the  con- 
strictor myoneural  junction  less  sensitive  or  the  dilator  junctions  more 
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sensitive.  We  have  found  that  it  takes  much  larger  doses  of  adrenalin 
to  bring  about  constriction  in  a  perfused  limb  than  it  did  while  the  cir- 
culation was  intact,  whether  it  be  a  denervated  limb  or  one  with  nerv- 
ous connections  (table  2).  For  example:  whereas  1.0  cc,  1:10,000 
adrenalin  injected  into  the  jugular  vein  before  perfusion  caused  con- 
striction in  the  denervated  and  dilatation  in  the  normal  limb,  2.0  cc., 
1 :  10,000  (a  dose  more  than  four  times  as  great,  considering  the  limited 
circulation  of  the  perfusion  fluid)  injected  into  the  perfusion  fluid  caused 
marked  dilatation  in  both  limbs  (fig.  5).  Mechanical  effects  from  the 
injection  were  compensated  for  by  a  simultaneous  withdrawal  of  an 
equal  quantity  of  perfusion  fluid. 

The  work  of  Meyer  (13)  supports  the  idea  that  Ringer's  solution 
modifies  the  sensitiveness  of  blood  vessels  to  adrenalin.  He  found  that 
artery  rings  kept  for  some  time  lost  their  sensitiveness  to  adrenalin  from 
day  to  day  and  after  it  had  disappeared  an  opening  shock  still  produced 
contraction.  His  results  might  be  due  to  the  changed  medium  in 
which  the  preparations  were  kept  rather  than  to  denervation. 

Dilatation  from  the  stimulation  of  "gangliar"  and  "peripheral"  mech- 
anisms. Before  we  enter  into  the  discussion  of  the  relative  importance 
of  the  "gangliar"  and  "peripheral"  mechanisms  we  wish  to  call  atten- 
tion to  the  results  of  Gruber  (6,  p.  311),  in  which  he  failed  to  obtain 
dilatation  of  a  perfused  limb  from  the  injection  of  a  small  dose  of  adren- 
alin into  the  general  circulation.  Because  the  same  dose  caused  dila- 
tation in  the  intact  limb  be  infers  that  the  dilatation  from  small  doses 
must  be  due  to  peripheral  instead  of  gangliar  action.    He  says: 

If  adrenalin  exerted  iU  influence  entirely  through  a  vasodilator  center,  it 
■houtd  produce  the  asms  result*  in  these  two  cnae*  where  the  only  difference  in  l be 
condition*  of  the  limb*  I*  that  one  has  and  one  ha*  not  the  circulation  intact. 

This  is  a  very  serious  difference  and  might  easily  account  for  the 
increase  in  the  dilator  threshold.  Oxygenated  Ringer's  solution  or  even 
oxygenated  defibrinated  blood  cannot  be  expected  to  fulfil  the  func- 
tion of  normal  blood  in  all  respects  and  indeed  this  was  not  the  only 
difference,  for  the  occlusion  of  the  abdominal  aorta  interferes  with  the 
circulation  to  the  ganglia  of  the  nerves  supplying  the  limbs.  The  latter 
condition  alone  might  necessitate  a  larger  dose  of  adrenalin.  If  both 
of  these  conditions  were  operative,  the  dose  required  would  probably 
in  many  cases  be  a  pressor  dose.  However,  we  have  been  able  to  show 
in  two  experiments  that  depressor  doses  can  bring  the  gangliar  mechan- 
ism into  action.     These  render  unnecessary  the  assumption  of  periph- 
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eral  action  to  account  for  dilatation  resulting  from  small  doses  of 
adrenalin. 

We  are  not  in  a  position  to  say  which  is  more  important  in  producing 
dilatation  normally,  the  "gangliar"  mechanism  or  the  myoneural  junc- 
tion. It  has  been  possible  in  .some  animals  to  obtain  the  same  amount 
of  dilatation  by  the  action  of  adrenalin  upon  the  gangliar  portion  of 
the  mechanism  alone  (limb  perfused,  adrenalin  injected  into  the  jugular 
vein)  as  occurred  from  the  injection  of  the  same-quantity  when  the  cir- 
culation of  the  limb  was  intact.  In  many  cases,  however,  larger  doses 
are  required  to  produce  equal  response  in  the  limb  when  only  the 
gangliar  mechanisms  are  affected  as  compared  with  the  condition  where 
both  gangliar  and  peripheral  portions  might  be  brought  into  action. 
This  may  easily  be  attributed  to  the  reduced  circulation  to  the  ganglia 
brought  about  by  clamping  the  aorta  high  in  the  abdomen,  but  the 
fact  that  the  peripheral  dilator  mechanism  can  be  brought  into  action 
rather  easily  under  many  circumstances  indicates  that  it  may  well  be 
as  important  as  the  gangliar  dilator  mechanism.  At  any  rate  we  seem 
justified  in  concluding  that  sympathetic  vasodilators  to  the  limb  exist 
and  that  they  are  sensitive  to  adrenalin  at  the  "gangliar"  and"periph- 
eral"  ends. 

We  wish  to  thank  R.  S.  Lang  for  assistance  in  this  research. 


1.  While  a  limb  is  dilating  from  denervation  adrenalin  produces  an 
increase  in  volume  with  difficulty,  but  while  the  reverse  change  is  tak- 
ing place  the  dilator  effect  of  adrenalin  begins  to  reappear. 

2.  After  denervation  of  a  limb,  of  greater  duration,  the  dilatation 
from  adrenalin  occurs  from  a  greater  range  of  doses  than  is  the  case  in 
the  normal  limb. 

3.  The  peripheral  action  (dilatation)  becomes  similar  in  both  nor- 
mal and  denervated  limbs  after  perfusion.  Under  these  conditions  also 
dilatation  occurs  with  a  greater  range  of  doses. 

4.  Depressor  doses  of  adrenalin  can  cause  dilatation  of  a  limb  by 
action  on  the  gangliar  mechanism. 

5.  Adrenalin  acta  on  both  "gangliar"  and  "peripheral"  mechanisms 
in  producing  dilatation  of  the  hind  limb. 
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In  the  preceding  research  it  has  been  shown  that  adrenalin  can  pro- 
duce dilatation  in  a  limb  by  acting  upon  a  "peripheral"  mechanism  as 
well  as  upon  a  gangliar  mechanism.  We  have  been  able  to  show  that 
the  constrictor  action  of  this  hormone  is  not  confined  to  the  myoneural 
junction.  Although  the  gangliar  response  is  not  easily  obtained,  it  has 
been  found  often  enough  to  draw  our  attention.  The  methods  employed 
were  those  described  in  preceding  researches. 

All  experiments  showing  constriction  from  gangliar  action  must  nec- 
essarily be  those  in  which  the  organ  tested  is  completely  cut  off  from 
the  general  circulation  in  order  to  prevent  the  peripheral  action  of 
adrenalin.1  _  Perfusion  experiments  in  which  anastomoses  to  the  organ 
are  cut  off,  satisfy  this  condition. 

Constriction  of  the  limb.  Six  animals  out  of  nineteen  furnished  evi- 
dence of  gangliar  constriction  in  the  hind  limb.  One  dog  (16  kgm.) 
and  one  cat  (3  kgm.)  gave  constriction  followed  by  dilatation  when 
adrenalin  was  injected  into  the  jugular  vein;  the  first  with  a  dose  of 
4  CO.,  1 :  20,000  adrenalin,  the  second  with  a  dose  of  5  cc,  1 : 5,000  adren- 
alin. In  each  animal  both  sympathetic  and  dorsal  root  ganglia  were 
intact.  On  the  other  hand  similar  experiments  with  six  dogs  and  three 
cats  gave  no  constriction  although  the  usual  dilatation  could  be 
obtained. 

From  sympathetic  ganglia.  Two  cats  gave  positive  evidence  of  a 
constrictor  action  of  these  ganglia  by  the  direct  application  of  adren- 

1  Salvioli  (Arch.  ital.  de  biol..  1002,  xxxvii,  384)  perfused  the  limb  of  a  dog. 
with  the  nerves  intact.  Adrenal  extract  was  injected  into  the  jugular  vein  and 
the  volume  change  in  the  limb  was  studied  by  the  venous  outflow.  He  usually 
obtained  no  change  in  the  flow  but  occasionally  there  was  a  smalt  decrease  in  the 
outflow.  Thie  was  believed  to  be  due  to  tbe  escape  of  adrenal  extract  into  the 
limb  because  the  decrease  was  not  synchronous  with  the  rise  in  blood  pressure;  in 
fact  the  pressure  had  returned  to  normal  before  the  limb  changed. 
521 
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alin  to  them.  In  the  first,  a  1: 100,000  adrenalin  solution  produced 
only  dilatation  while  a  1 :  10,000  solution  caused  steady  marked  con- 
striction. In  the  other  a  1 : 1,000  solution  caused  a  dilatation  followed 
by  constriction.  Three  animals  gave  no  constriction.  The  first  (a  cat) 
was  tried  by  dropping  adrenalin  upon  the  sympathetic  ganglia.  On  the 
last  two  (dogs)  the  dorsal  root  ganglia  had  been  removed, adrenalin  being 
given  by  the  jugular  vein. 


Fig.  1.  Constriction  and  dilatation  of  a  perfused  limb  from  th«  injection  of  4 
re.  adrenalin,  I :  J, 000  into  the  jugular  vein.  All  sympathetic  ganglia  supplying 
the  limb  had  been  destroyed.     Don  si. Oleum.     Reduced  1 

From  dorsal  root  ganglia.  Of  the  animals  (seven  dogs)  in  which  the 
sympathetic  ganglia  to  the  perfused  hind  limb  had  been  destroyed,  only 
one  responded  by  constriction  when  adrenalin  was  injected  into  the 
general  circulation  (fig.  1).  Direct  application  of  adrenalin  to  the  dor- 
gal  root  ganglia  in  one  of  two  cats  caused  constriction  in  the  hind  limb 
(fig.  2).  In  almost  all  of  the  animals  studied  whether  giving  gangliar 
constriction  or  not,  dilatation  from  adrenalin  was  obtained.  * 
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We  may  say,  in  general  for  the  hind  limb,  that  the  effect  of  adrenalin 
on  the  ganglia  is  preeminently  dilator  and  that  the  constriction  from 
this  source  is  insignificant. 

Constriction  of  the  intestine.  Constriction  of  a  gangliar  source  was 
more  common  in  the  intestine  than  in  the  limb.     A  response  of  this 


Fig.  2.  Constriction  of  the  hind  limb  resulting  from  the  direct  application  of 
1:  1,000  adrenalin  to  the  lower  lumbar  dorsal  root  ganglia.  Dog  16  kgm.  Re- 
duced J. 


Fig.  3.  Constriction  of  the  intestine  produced  by  direct  application  of  1 :  1,000 
adrenalin  to  the  twelfth  and  thirteenth  dorsal  root  ganglia.  Dog  11  kgm.  Se- 
duced ). 

sort  was  obtained  in  six  outof  thirteen  animals.  Moreover  the  number 
of  constrictions  obtained  in  the  same  animal  was  much  greater  in  the 
case  of  the  intestine  than  in  the  experiments  with  the  limb.  In  the 
latter  there  would  often  be  only  one  or  two  constrictions  throughout 
the  whole  experiment. 
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Three  dogs  whose  splanchnic  nerveB  had  been  cut  gave  positive  evi- 
dence of  gangliar  constriction.  The  intestinal  loop  was  perfused  and 
the  adrenalin  was  injected  into  the  jugular  vein.  Both  constriction 
and  dilatation  occurred  whenever  the  intestine  responded  by 
constriction. 

Intestinal  constriction  was  also  produced  by  the  direct  application  of 
adrenalin  to  the  dorsal  root  and  superior  mesenteric  ganglia. 

In  a  cat  although  dilatation  only  had  been  produced  by  the  applica- 
tion of  1 :  1000  adrenalin  to  the  twelfth  and  thirteenth  thoracic  dorsal 
root  ganglia  in  three  instances,  in  a  fourth  the  same  concentration  pro- 
duced constriction  followed  by  dilatation. 


Fig.  4.  Constriction  of  toe  intestine  from  direct  application  of  1:  1,000 
■drcn»lin  to  the  superior  mesenteric  ganglion.    Dog.    Reduced  |. 

In  a  dog,  a  1: 1,000  solution  produced  dilatation  aloue,.  constriction 
atone  (fig.  3)  or  constriction  followed  by  dilatation. 

Marked  constriction  of  the  intestine  was  caused  in  another  experi- 
ment by  treating  the  superior  mesenteric  ganglion  with  1 : 1,000  adren- 
alin chloride  to  which  a  little  pure  adrenalin  had  been  added  (fig.  4). 

Additional  evidence  that  the  superior  mesenteric  ganglion  is  a  source 
of  constriction  was  obtained  in  one  animal  by  the  use  of  nicotine 
Before  nicotine,  adrenalin  caused  constriction  followed  by  dilatation  of 
the  intestine.  Intravenous  injection  of  nicotine  ruled  out  both  the 
constriction  and  dilatation. 

Thus  the  gangliar  effect  of  adrenalin  as  far  as  the  intestine  it 
concerned  is  largely  dilator,  although  it  is  sometimes  a  source  of 
constriction. 
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SUMMARY 

1.  Adrenalin  occasionally  produces  constriction  in  the  hind  limb  by 
its  action  upon  the  sympathetic  and  dorsal  root  ganglia. 

2.  Constriction  of  the  intestine  is  sometimes  produced  by  adrenalin 
acting  upon  the  superior  mesenteric  and  dorsal  root  ganglia. 
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A  striking  feature  of  nudibranch  molluscan  morphology  is  the  pair 
of  short,  robust  dorsal  tentacles  which  are  commonly  perfoliate  or 
ringed  and  which  in  many  species  are  retractile.  These  distinctive 
tentacles  are  known  as  "  rhinophores"  and  it  is  tacitly  assumed  that 
they  are,  as  the  name  indicates,  specialized  organs  of  the  olfactory 
sense. 

The  only  evidence  that  would  at  all  favor  the  assigning  to  these 
structures  of  an  exclusive  or  predominating  olfactory  function  has 
been  presented  by  Craber  ('89).  This  experimenter  brought  oil  of  rose 
near  the  head  of  Chromodoris  elegans  and  observed  the  withdrawal  of 
the  rhmophores  to  be  quicker  and  more  vigorous  than  that  of  the 
oral  tentacles.  It  is  significant,  however,  that  Craber  states  emphat- 
ically that  the  post -branchial  region  is  the  most  sensitive  part  of  the 
body.  By  whom  the  word  "  rhinophore"  was  coined  and  in  what  sense 
it  wa*  first  applied  is  not  clear;  malacologists  to  whom  I  have  referred 
this  query  are  unable  to  trace  its  origin. 

It  (bus  appears  that  the  propriety  of  the  convenient  term  rhinophore 
lacks  appropriate  experimental  support.  For  this  reason  nudibranch* 
were  subjected  to  experimentation  designed  to  test  their  sensory  poten- 
tialities ('17).'  I'nless  otherwise  stated  the  present  account  deals  with 
the  Bcriuudian  Chromodoris  zebra  Heilprin. 

1  Thin  work  wan  made  pomiltlr  through  (he  hospitality  of  Protewor  E.  L. 
Mark.  Director  of  the  Bermuda  Biolosiral  Station,  and  the  liberality  of  the  trus- 
tee* or  the  Humhotdt  Fund  of  Harvard  I'niveraity. 
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OBSBBVATIONS1 

Tactile  stimulation.  When  a  rhinophore  is  touched  lightly  with  a 
glass  rod  it  is  jerked  back  precipitately  within  its  protecting  collar. 
The  sensitivity  of  the  rhinophore  to  gentle  stimulation  is  astonishing 
and  the  explosive  type  of  response  is,  within  wide  limits,  independent 
of  the  strength  of  the  stimulus.  Fatigue  comee  on  but  slowly,  responses 
of  somewhat  diminished  intensity  being  readily  obtained  after  fifty 
successive  stimulations  at  ten-second  intervals. 

The  oral  tentacles,  gill  plumes  and  the  general  body-surface  all  re- 
spond to  tactile  stimulation.  It  is  rather  unsatisfactory  to  list  the 
several  regions  of  the  body  in  the  order  of  their  sensitivity,  for  the 
types  of  responses  are  not  all  comparable.  It  appears,  however,  that 
the  so-called  rhinophore  is  the  most  sensitive  part  of  the  body  to  this 
kind  of  stimulation  and  considerably  more  so  than  the  oral  tentacles. 

Thermal  stimulation.  The  head  region  and  especially  the  oral  ten- 
tacles react  distinctly  to  water  at  40"  to  50°C.  applied  with  a  pipet. 
The  rhinophores,  on  the  contrary,  give  faint  and  rather  doubtful  re- 
sponses except  to  temperatures  as  high  as  50°C. 

Rkeolrophic  stimulation.  I  am  informed  by  Dr.  W.  J.  Crozier3  that 
the  rhinophore  of  Chroraodoris  is  of  prime  importance  in  effecting  ori- 
entation to  water  currents.  Animals  from  which  these  structures  have 
been  removed  do  not  orient  at  all,  or  do  so  with  extreme  slowness  and 
hesitancy;  when  only  one  functional  rhinophore  is  left,  circus  move- 
ments are  simulated. 

Chemical  stimulation.  Equal  volumes  of  various  chemical  solutions 
were  applied  from  a  constant  distance  with  a  pipet;  with  care  tactile 
stimulation  by  the  stream  can  be  avoided.  Solutions  of  1  M  maltose, 
or  sucrose,  or  M/2  lactose  were  without  effect  upon  all  parts  of  the 
body,  although  3  M  glycerin  did  evoke  general  responses.  Several 
alkaloids  had  very  weak  effects  or  none  at  all.  Alcohols  and  organic 
acids  in  concentrations  of  M/IO  called  forth  strong  general  responses. 
The  chlorides  of  the  alkali  metals  Na,  K,  NH«  and  Li  likewise  stimu- 
lated the  body  in  general,  the  rhinophores  and  oral  tentacles,  however, 
showing  the  greatest  sensitivity.  Solutions  of  substances  which  pro- 
duce in  man  the  taste  sensations  recognized  as  acid  (HC1),  bitter  (picric 
acid),  salty  (KC1),  and  alkaline  (KOH),  were  applied  in  various  con- 

»  An  extended  account  of  the  behavior  and  sensory  physiology  of  Chromodoria 
is  in  preparation  by  the  writer  in  collaboration  with  Dr.  W.  J.  Croiier. 

•  Unpublished  observations. 
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centrations.  All  responses  gradually  weaken  with  increasing  dilution, 
but  the  gills  fail  usually  before  other  parts.  There  was  some  evidence 
that  the  oral  tentacles  were  more  sensitive  to  picric  acid  than  were  the 
rhinophores. 

From  the  foregoing  tests  it  becomes  evident  that  the  rhinophore  is 
not  only  extremely  sensitive  to  chemical  stimulation  of  diverse  sorts, 
but  that  this  sensitivity  is  only  second  to,  if  indeed  it  does  not  equal, 
that  of  the  oral  tentacles,  which  from  their  position  might  be  suspected 
a  priori  of  a  specialised  gustatory  or  common  chemical  function. 

Olfactory  stimulation.  Saturated  solutions  of  various  essential  oils* 
were  prepared  by  nhalting  with  sea  water.  These  solutions  were  ap- 
plied gently  by  a  pipet  to  the  several  regions  of  the  body  surface. 

The  rhinophores  of  Chromodoris  react  vigorously  to  such  stimulation 
but,  so  far  as  one  can  judge  from  the  dissimilarity  of  the  responses, 
other  parts  of  the  body  appear  to  be  equally  sensitive.  When  a  drop 
of  oil  is  held  for  some  time  midway  between  the  rhinophores  no  response 
ensues.  If  the  rhinophore  or  general  body  surface  be  touched  gently 
with  a  drop  of  pure  oil,  the  response  is  weaker  than  to  a  saturated 
aqueous  solution;  in  this  case  the  number  of  sense  organs  stimulated 
undoubtedly  is  a  complicating  factor,  yet  it  suggests  further  that  the 
response  is  one  to  an  olfactory  stimulus  rather  than  to  an  irritative 
or  "smarting"  one. 

Chromodoris  was  also  tried  with  solutions  in  which  marine  inverte- 
brates had  partially  decomposed.  Such  a  test  is  undoubtedly  compli- 
cated by  the  presence  of  certain  chemical  substances  not  of  an  odorous 
nature,  yet  it  at  least  simulates  the  type  of  olfactory  stimulation  met 
by  the  animal  in  a  state  of  nature. 

Water  contaminated  by  a  dead  crab  or  by  the  viscera  of  a  holothur- 
ian  (these  solutions  being  decidedly  odoriferous  to  the  human  sense  of 
smell)  stimulated  strongly  all  regions  of  the  external  body  surface. 
Water  from  decaying  coral  or  Onchidium  likewise  evoked  responses  from 
the  general  body  surface  except  the  gills.  On  the  contrary,  another 
specimen  of  coral  water  which  did  not  smell  particularly  strong,  was 
found  to  stimulate  the  rhinophores  and  head  region  in  general  but  not 
the  rest  of  the  body;  the  sensitivity  of  the  several  head  structures  was, 
however,  equal. 

Facetina  goslingi  posseftscs  long  oral  tentacles  and  rhinophores.  Its 
entire  body  surface,  including  the  rhinophores,  is  responsive  to  tactile 

•  Bergamot,  casaia.  clo«,  juniper,  origanum,  pennyroyal  and  thyme.  Anilin 
oil  and  carbon  biaulpide  were  uaed  alao. 
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and  chemical  stimulation.  The  animal  is  exceedingly  active,  climbing 
the  walls  of  a  container  and  swimming  on  the  surface  film.  It  was 
found  that  merely  holding  a  drop  of  oil  near  the  body  of  a  crawling 
animal  did  not  provoke  a  response,  whereas  actual  contact  (eliminating 
tactile  complications)  would  do  so.  When  stimulated  with  solutions 
the  non-retractile  rhinophores  react  by  a  lashing  withdrawal  and  more 
vigorously  than  do  the  oral  tentacles;  this  is  the  only  clear  case  recorded 
of  a  superior  reactivity  of  this  organ  to  odorous  substances.  Oil  of 
pennyroyal,  carbon  bisulphide  and  anilin  oil  proved  to  be  more  efficient 
than  the  oils  of  bergamot,  cassia,  cloves,  juniper  and  origanum. 

Elysia  crispa  is  a  small  nudibranch  which  also  tries  to  swim  on  the 
surface  film.  When  crawling  on  the  substrate  its  anterior  half  often 
loosens  its  attachment  and  is  elevated  and  waved  about,  the  posterior 
half  still  locomoting  the  while;  this  attitude  is  favorable  for  detecting 
the  effect  of  stimulation.  To  light  touch  alone  there  is  a  slight  re- 
traction of  the  extended  body.  The  odorous  oils  are  more  stimulating; 
to  bergamot,  cassia,  cloves,  juniper,  origanum,  pennyroyal  and  thyme 
applied  to  the  rhinophores  the  retraction  is  noticeably  sharper  and  of 
greater  amplitude.  Carbon  bisulphide  and  anilin  oil  are  without  effect; 
this  is  in  decided  contrast  to  the  results  on  Facelina  recorded  in  the 
last  paragraph.  The  general  body  surface  is  likewise  responsive  to 
these  olfactory  agents  and  to  ordinary  chemical  stimulation  as  well ; 
to  solutions  of  the  essential  oils  in  sea  water,  the  head  region  was  more 
sensitive  than  the  remainder  of  the  body. 

Fiona  marina,  a  nudibranch  found  in  the  floating  gulf  weed,  Sargas- 
sum,  is  sensitive  on  its  rhinophores  and  body  to  essential  oils  and  to 
other  general  chemical  stimulation. 

DISCUSSION 

There  is  nothing  in  the  foregoing  tests  which  specifically  connects 
the  rhinophores  with  olfaction.  Rather  they  appear  to  respond  to 
various  sorts  of  sensory  stimuli,  and  to  share  this  sensitivity  liberally 
with  other  regions  of  the  body.  In  Facelina  alone  is  there  a  sharper 
rhinophore  reaction,  and  even  in  this  case  it  is  not  certain  that  the 
vigor  of  response  to  supraminimal  stimuli  is  the  expression  of  greater 
inherent  sensitivity. 

We  know  nothing  concerning  the  existence  of  diverse  sensory  endings 
in  nudibranchs  for  the  reception  of  chemical  stimuli.    Presumably  they 
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do  not  exist  (cf.  Smallwood,  '12).*  Under  such  conditions  it  is  futile 
to  apeak  of  a  sense  of  touch,  taste,  smell  and  so  on.  It  is  true  that  many 
invertebrates  are  capable  of  responding  to  a  variety  of  sensory  stimuli 
and  that,  furthermore,  such  responses  are  often  more  or  less  accurately 
adjusted,  in  a  quantitative  manner,  to  the  quality,  strength  or  fre- 
quency of  the  stimulating  agent;  yet  the  occurrence  of  differentially 
selective  responses  to  definite atimuliis limited.  In  certain  instances,  to 
be  sure,  specific  sense  organs  (e.g.,  eye ;  otocyst)  are  recognised  which  re- 
spond exclusively  or  chiefly  to  particular  stimuli;  more  usually  identical 
responses  follow  widely  diverse  sensory  excitants.  Much  of  the  older 
results  regarding  the  existence  and  localisation  of  differential  sensi- 
tivity is  uncritical  and  untrustworthy. 

There  is  no  reason  to  believe  that  organs  structurally  uniform  and 
capable  of  responding  identically  to  a  variety  of  qualitatively  different 
stimuli,  are  able  to  analyse,  thereby  producing  qualitatively  distinct 
sensations.  In  other  words,  it  can  not  be  assumed  that  such  an  animal 
is  capable  of  differentiating  various  stimuli  intuitively,  nor  that  as  a 
functional  adaption  individual  receptive  elements,  morphologically  in- 
distinguishable, have  acquired  the  capability  to  analyse.  Such  as- 
sumptions are  opposed  to  the  principle  of  specific  energies,  which  is  by 
far  the  safest  guide  in  the  study  of  invertebrate  sensory  potentialities. 

Histologically  identical  sense  organs,  however,  due  to  topographical 
arrangement,  may  in  a  practical  way  chiefly  serve  physiologically  dis- 
tinct functions.  Thus,  certain  receptors  about  the  mouth  are  said  to 
be  useful  mainly  for  proving  food,  those  at  the  entrance  of  the  respiratory 
chamber,  for  testing  the  quality  of  the  respiratory  medium,  and  so  on. 
This  method  of  logical  assignment  of  function  is  not  without  danger; 
for  example,  the  insect  antenna  has  been  persistently  associated  es- 
pecially with  olfaction,  yet  Mclndoo  ('14)  finds  that  this  classic  example 
will  not  stand  the  test  of  experimentation. 

If  the  foregoing  conclusions  be  sound  they  are  of  interest  in  view 
of  a  recent  contribution  by  Copeland  ('18)  who,  reflecting  the  tone  of  a 

>  II  in,  however,  Dot  impossible  that  what  is  accepted  in  certain  instances  »a  a 
it|H-rifir  form  of  nerve  terminal,  inch  an  a  free  nerve  ending,  might  upon  rlnnc 
ituily  be  amenable  to  division  into  morphologically  diatinrt  types.  On  the  eoo- 
trary.  thr  really  aignificant  and  fundamental  qualitative  differences  (biftologic 
or  rhimienll  could  easily  he  no  auhtle  that  our  crude  method*  null  ever  (all  to 
detect  i hem.  furthermore,  although  it  ia  perhaps  true  that  even  the  •implest 
metaioana  which  have  nerve  terminals  at  all  have  them  somewhat  differentiated, 
the  fact  remain*  that  in  this  held  an  a  whole  the  anatomic  evidence  lags. 
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certain  group  of  writers,  reports  on  what  is  termed  the  olfactory  reac- 
tions of  marine  snails.  That  the  animals  studied  sought  food  through 
the  action  of  a  chemical  sense  located  chiefly  in  the  osphradium,  al- 
though the  external  body  surface  was  also  responsive  to  a  lesser  degree, 
seems  certain.  But  the  contention  is  pressed  further:  that,  since  the 
osphradium  responds  to  weak  concentrations  of  oyster  juice  and  the 
rest  of  the  body  to  relatively  high  concentrations,  the  osphradium  must 
be  of  an  olfactory  nature  and  the  general  body  surface  gustatory. 

This  conclusion  by  no  means  follows.  In  the  absence  of  differential 
receptors  a  separation  into  smell  and  taste  on  the  basis  of  sensitivity 
alone  is  no  more  defensible  than  to  split  into  two  categories  the  tactile 
sense  of  the  human  finger  and  back. 

In  man,  to  be  sure,  the  diverse  sensitivity  of  smell  and  taste  to  sub- 
stances that  stimulate  both  is  one  distinguishing  characteristic  (Parker 
and  Stabler,  '13),  but  there  are  other  more  germane  criteria  of  a  quali- 
tative nature.  Moreover,  to  argue  by  analogy  from  man  to  lower 
vertebrates  with  respect  to  these  sensory  activities  is  not  especially 
hazardous,  for  the  homologies  of  innervation  and  structure  are  not  only 
certain  but  the  one  mechanism  or  the  other  can  be  eliminated  experi- 
mentally with  precision  (by  section  of  nerves,  plugging  of  nostrils,  etc., 
Sheldon,  '11;  Parker  and  Sheldon,  '13).  In  invertebrates,  however, 
where  not  even  the  existence  of  separate,  appropriate  end  organs  has 
been  demonstrated,  the  argument  by  analogy  exceeds  the  limits  of 
legitimate  deduction. 

Finally,  although  such  substances  as  fish  juice  or  oyster  juice  combine 
elements  of  taste  and  smell  for  human  sensibilities,  we  must  distrust 
the  capability  of  the  invertebrates  in  question  to  analyze  chemical 
stimuli  as  discrete  sensations,  and  it  would  therefore  appear  safer  to 
avoid  referring  in  their  cases  to  a  sense  of  taste  and  smell  at  all  (or 
even  to  a  common  chemical  sense,  since  this  term  is  preempted  in  verte- 
brate physiology).  What  such  animals  possess  can  perhaps  be  desig- 
nated a  "general  chemical  sense." 

SUMMARY 

Experimental  evidence  does  not  substantiate  the  popular  impression 
that  the  nudibranch  rhinophore  is  a  specialized  organ  for  detecting 
odorous  substances.  It  is,  rather,  a  generalized  organ  responsive  to  a 
variety  of  sensory  agents. 
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In  the  absence  of  differential  receptors  and  the  probable  resulting 
failure  to  translate  stimuli  into  discrete  'sensations,'  it  is  safer  to  avoid 
terms  like  taste  or  smell,  especially  with  the  implication  of  any  simi- 
larity to  corresponding  human  sensations.  Since  we  comprehend  sen- 
sory processes  only  in  terms  of  human  experience,  there  is,  however,  no 
objection  to  retaining  such  convenient  phrases  as  "olfactory  stimulus." 
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There  must  be  some  mechanism  controlling  the  supply  of  blood  from 
the  veins  to  the  heart  and  regulating  the  variations  needed  during  rest 
and  exercise.  This  mechanism  must  adjust  the  venous  pressure  to 
dilate  the  right  heart  during  diastole,  neither  over  nor  under  filling 
the  ventricle. 

The  variations  in  the  volume  of  the  venous  return  required  and  pro- 
vided are  enormous.  During  bodily  rest  the  venous  pressure  in  man 
in  the  erect  position  rises  scarcely  above  the  axilla.  During  exercise, 
when  the  heart  is  pumping  out  of  the  venous  system  a  greatly  increased 
volume  of  blood,  the  venous  column  instead  of  being  reduced  is  many 
centimeters  higher  than  in  bodily  rest  (1  and  29). 

What  is  the  controlling  mechanism  producing  this  rise?  Is  its  action 
direct  or  indirect,  primary  or  secondary?  What  is  the  influence,  nerv- 
ous, mechanical  or  chemical,  which  adjusts  its  activity  to  the  general 
needs?  Is  the  locus  of  stimul  ation  central  or  peripheral?  Undoubtedly 
the  universal  answer  today  would  be  included  under:  Regulation  by  the 
vasomotor  nervous  system. 

The  purpose  of  this  paper  is  to  present  facts  indicating  that,  in  addi- 
tion to  indirect  vasomotor  nervous  influences  (2),  there  is  a  peripheral 
chemical  control  of  the  volume  of  the  venous  return,  and  reasons,  based  on 

1  We  use  the  term  "shock"  merely  in  the  sense  of  "depression  of  vitality." 
Surgical  shock  is  the  depression  following  anesthesia  and  operation;  traumatic 
that  due  to  trauma,  and  toxaemic  that  incident  to  toxaemia.  Evensten  minutes 
of  anesthesia  and  a  minor  operation  may  depress  vitality  to  some  extent.  A 
major  operation  usually  depresses  greatly  for  hours  or  days.  Our  problem  is 
the  causes  and  modes  of  these  depressions,  i.e.,  shock  in  all  degrees,  small  as  well 
as  great.  Shock  as  a  moribund  or  almost  moribund  state,  the  sense  in  which  most 
investigators  seem  now  to  use  the  term,  appears  to  us  to  be  a  conception  which 
for  purposes  of  investigation  is  both  artificial  and  sterile. 
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previous  papers  from  this  laboratory,  for  holding  that  it  is  this  chemical 
control  which  is  the  chief  factor  in  the  high  venous  pressure  of  muM-ular 
work  and  in  the  lowering  of  venous  pressure  induced  by  acapnia  and 
itself  causing  the  circulatory  depression  following  anesthesia  and  surgi- 
cal operation. 

The  nature  of  the  problem  is  seen  when  we  compare  the  circulatory 
effects  of  muscular  exertion  with  those  of  mental  strain.  The  latter 
causes  a  very  marked  rise  of  arterial  pressure — a  rise  of  30  or  40  mm.  of 
mercury,  and  once  even  80  or  90  mm.  in  several  subjects  has  lieen  ob- 
served in  this  laboratory  during  a  mere  lecture  on  the  blood  gat**. 
We  suppose  this  high  arterial  pressure  to  be  an  almost  pure  vasomotor 
nervous  effect,  aided  perhaps  by  some  adrenal  or  other  internal  secre- 
tion. There  is  however  no  rise  of  venous  pressure — a  fact  which  be- 
comes highly  significant  when  we  consider  that  the  abundant  chemical 
stimulations,  altered  blood  gases  and  especially  increase  of  COj.  in- 
volved in  muscular  effort  are  lacking  in  mental  strain. 

On  the  other  hand  physical  exertion — running,  stair  climbing  or 
riding  a  stationary  bicycle — sufficient  to  cause  a  rise  of  30  to  40  mm.  of 
mercury  in  arterial  pressure  always  induces  also  a  rise  of  the  venous 
pressure  so  marked  that  the  hand  and  arm  may  l>e  lifted  many  centi- 
meters above  the  axilla  before  the  veins  collapse.  Even  when  every 
allowance  is  made  for  the  accessory  parts  played  during  physical  work 
by  respiration  and  by  muscular  movements  in  pressing  the  venous 
blood  onward  toward  the  heart ,  there  seems  to  be  in  these  facts  ground 
for  suspecting  the  existence  of  some  factor  in  the  circulation  acting 
as  a  powerful  accessory  to  the  vasomotor  nervous  system  in  accelerat- 
ing the  venous  return,  and  regulated  by  chemical  rather  than  by 
nervous  influences  (cf.  Boothby,  3). 

As  regards  the  depression  of  the  circulation  induced  by  anesthesia  ( 4) 
and  surgical  operation  and  by  acute  disease, — conditions  in  which  the 
COi  content  of  the  blood  varies  in  the  opposite  sense  to  that  occurring 
in  muscular  work,— the  evidence  brought  forward  in  previous  papers 
from  this  laboratory  points  clearly  to  a  lowering  of  venous  pressure 
and  decrease  of  the  venous  return  as  the  primary  factor  (1),  (5),  (6). 
And  yet  m  such  conditions  the  vasomotor  nervous  system  is  not  inac- 
tive but  rather  exerted  to  increasing  and  finally  maximal  effort  in  con- 
stricting arterioles  in  the  endeavor  to  maintain  arterial  pressure.  It 
thus  strives  in  normal  fashion  to  compensate  the  decreasing  output 
of  the  heart.     It  acts  exactly  as  after  hemorrhage  (7). 

In  harmony  with  this  is  the  fact  that  the  circulatory  effects  of  even 
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slightly  excessive  respiration  either  natural  or  artificial  in  animals  under 
experiment  are  seen  first  in  the  change  from  well  filled  to  empty  jugu- 
lars, i.e.,  decreasing  venous  return,  long  before  arterial  pressure  is 
impaired. 

Pointing  in  the  same  direction  is  the  fact  that  voluntarily  forced 
breathing  in  man  has  a  markedly  depressant  action  on  the  circulation. 
The  effect  is  not  upon  the  heart  nor  upon  the  vasomotor  mechanism, 
for  the  heart  is  accelerated  and  arterial  pressure  is  not  usually  low- 
ered. The  circulation  is  rendered  slower;  and  this,  as  has  been  shown 
in  a  recent  paper  from  this  laboratory,  is  due  to  a  decrease  in  the  venous 
return  to  the  heart  (8).  The  cause  is  clearly  the  reduction  in  the  CO» 
content  (or  perhaps  fundamentally  in  the  CB)  of  the  blood,  for  the  dis- 
turbance does  not  occur  when  the  forced  breathing  is  performed  into  a 
bag  so  as  to  prevent  excessive  pulmonary  ventilation. 

Conversely  an  accumulation  of  CO»  in  the  blood  causes  an  abnor- 
mally high  venous  pressure,  a  dilatation  of  veins  and  an  exaggeration 
of  the  volume  of  the  venous  return  out  of  all  proportion  to  the  effect 
on  arterial  pressure.  One  of  us  has  had  a  considerable  and  unique  ex- 
perience bearing  on  this  matter  in  connection  with  tests  of  the  so-called 
self-contained  oxygen  mine  rescue  apparatus  (9).  In  men  wearing 
such  apparatus  and  walking  at  three  or  four  miles  an  hour  the  differ- 
ences in  the  effect  of  insufficient  oxygen  without  accumulation  of  COj 
and  the  effect  of  large  accumulation  of  COi  (3  to  7  per  cent)  with  ample 
oxygen  are  very  striking.  Under  the  low  oxygen  the  effects  are  mani- 
fested as  a  grey  cyanosis  and  fainting.  Under  high  CO],  with  ample 
oxygen,  the  color  of  the  skin  is  good,  there  is  intense  throbbing  headache, 
the  world  turns  black  before  the  eyes,  the  gait  becomes  staggering  but 
the  legs  do  not  usually  give  way.  The  most  striking  symptoms  how- 
ever are  the  indications  of  greatly  elevated  venous  pressure.  The  top 
of  the  venous  column  may  be  at  the  level  of  the  face  or  even  higher. 
The  superficial  veins  of  the  neck  and  face  are  enormously  distended,  both 
by  this  pressure  and  by  the  relaxation  of  their  own  walls.  The  picture 
is  in  this  respect  like  that  in  the  CO*  acidosis  of  some  patients  with  renal 
disease  in  whom  so  far  as  we  can  judge  the  heart  is  not  sufficiently 
affected  to  explain  the  venous  congestion.  , 

Haldsne  (10)  independently  notes  (in  gassed  soldiers)  grey  cyanosis  without 
rise  of  venous  pressure  from  oxygen  want  without  excess  of  CO,,  and  "full  blue 
cyanosis  and  venous  engorgement"  when  excess  of  COi  is  added.  He  does  not 
mention  venous  engorgement  with  bright  pink  lips  from  high  CO]  and  ample  ox- 
ygen.   (Doctor  Haldane  himself  was  the  first  subject  in  whom  I  saw  this  phenom- 
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enon  (*t  Guy'n  Hospital,  London,  in  1913).  The  eignificauee  of  the  obaerva- 
tion  did  not  occur  to  me  until  long  afterward  when  I  had  seen  it  many  time*  in 
other  aubjecU.— Y.  H.) 

To  the  factor  in  the  circulation  thus  indicated  the  term  "  veno-pressor 
mechanism"  has  been  applied  in  previous  papers  from  this  laboratory 
(5) ,  (11).  We  would  suggest  that  it  consists  essentially  in  the  chemical 
influence,  either  directly  or  through  a  local  nervous  mechanism  (e.g., 
unineuronic  reflexes),  upon  the  caliber  of  the  capillaries  and  especially 
of  the  small  efferent  vessels,  the  venules,  exerted  by  the  greater  or  lew 
venosity  of  the  blood  in  and  flowing  from  the  organs, — especially  the 
skeletal  muscles.  The  greater  the  activity  of  the  muscles  the  more 
venous  this  blood.  The  efferent  vessels  are  thus  relaxed  and  the  out- 
flow from  the  capillaries  into  the  venous  system  made  easier.  The 
volume  of  the  venous  return  to  the  heart  is  increased,  the  venous  pros- 
sure  is  raised  and  (within  certain  limits)  the  efficiency  of  the  heart  is 
increased  (1 1).  Thus  the  two  extremes  of  high  venous  pressure  on  the 
one  hand  and  abnormally  low  venous  pressure  on  the  other  are  induced 
respectively,  the  former  by  muscular  exertion  with  great  CO,  pro- 
duction and  the  latter  by  acapnia  and  related  conditions. 

Cannon  (12)  has  recently  reported  observations  on  wounded  soldiers 
which  suggest  that  in  shock  the  decrease  of  venous  return  may  be  due 
to  a  narrowing  of  the  capillaries  and  venules  so  that  the  red  blood  cells 
are  accumulated  in  the  periphery.  A  decrease  of  flow  through  the  arm 
and  a  marked  pallor  of  the  akin  have  been  observed  here,  both  after 
forced  breathing  and  ether  hyperpnoea  (6),  (8). 

In  these  statements  we  are  not  denying  or  questioning  the  results  of  a 
long  line  of  investigators  whose  work  has  hitherto  been  accepted  as 
demonstrating  the  vasomotor  control  of  the  venous  return.  In  fact 
our  own  experiments  given  below  show  that  the  vasomotor  nervous 
system  exerts  a  marked  influence  upon  venous  pressure.  Our  view  is 
merely  that  in  addition  to  this  influence  there  is  a  mechanism  providing 
a  direct  peripheral  chemical  regulation  of  the  venous  return  to  the 
heart.  In  support  of  this  view  we  offer  a  new  and,  we  believe,  crucial 
observation.  Kaya  and  Starling  found  that  when  the  lungs  of  a  head- 
less animal  are  ventilated  with  air  containing  a  high  percentage  of 
CO.,  arterial  pressure  is  not  affected  (13).  We  have  verified  their 
statement  on  this  point,  but  we  have  to  add  to  it  a  new  fact,  namely 
that  in  such  an  experiment  venous  pressure  undergo**  a  eery  marked 
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Fig.  1.  Diagram  to  illustrate  how  a  relaxation  of  venules  may  be  expected  to 
induce  a  rue  of  venous  pressure.  The  system  shown  consists  of  a  pump.  A,  an 
elastic  chamber,  B,  and  fine  noisles,  C,  corresponding  to  the  arterioles  controlled 
by  the  vasomotor  nervous  system.  The  jets  of  fluid  after  losing  a  part  of  the 
energy  imparted  by  the  pump  fall  into  the  reservoirs,  D,  representing  the  capil- 
laries of  the  tissues  and  organs.  Close  below  these  reservoirs,  on  the  tubes  lead- 
ing back  to  the  pump,  are  cocks,  E,  which  if  partly  closed  will  diminish  the 
(venous)  return  to  the  pump  and  cause  a  lowered  (venous)  pressure  in  F.  If 
the  cocks  are  widely  opened  the  pressure  in  the  (venous)  system,  F,  will  rise  so 
that  the  top  of  the  column,  O,  will  be  nearly  level  with  the  surface  of  the  fluid 
in  the  reservoirs.  If  the  cocks  are  partially  closed  the  column,  0,  will  be  low- 
ered, and  the  efficiency  of  the  pump  correspondingly  decreased. 
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Or  as  Starting  (30)  expresses  it, 

If  a  maa  starts  to  run,  his  muscular  movement*  pump  more  blood  into  lie 
heart,  no  increasing  the  venous  filling,  while  the  central  nervous  ayslem.  by  con- 
tracting the  arteries  of  the  abdomen,  increases  the  peripheral  resistance,  raise* 
the  arterial  pressure,  and  forces  all  the  available  blood  through  the  active  muscles. 

We  do  not  doubt  the  qualitative  correctness  of  these  statements  al- 
though we  do  question  whether  they  tell  the  whole  story.  The  chemi- 
cal influence  upon  the  blood  vessels  exerted  by  the  altered  blood  gases 
during  exercise  must,  we  think,  be  taken  into  account  as  an  accessory 
to  the  muscular  movements  and  nervous  vasoconstrictions  and  dilata- 
tions in  respect  to  the  rise  of  venous  pressure. 

3.  The  responsiveness  of  the  blood  vessels  to  direct  chemical  stimu- 
lation was  observed  first  in  capillaries  by  Severini  (31). 

Gaskell  (32)  contributed  well  known  and  important  experiments  and 
imputed  great  importance  to  the  fact  that  the  chemical  changes,  es- 
pecially acid  production,  going  on  in  an  organ  during  activity  may  di- 
rectly bring  about  a  dilatation  of  the  blood  vessels  of  this  organ  and  so, 
without  the  intervention  of  the  nervous  system,  regulate  its  own  blood 
supply  according  to  its  own  needs.  Gaskell  thought  that  in  order  to 
be  of  any  effect  upon  the  volume  of  blood  flow  into  and  through  an  organ 
this  dilatation  must  occur  in  the  smaller  arteries  and  not  merely  in  the 
capillaries.  He  seems  not  to  have  considered  the,  as  it  seems  to  us, 
even  more  probable  dilatation  of  the  small  veins  and  the  more  ready 
outflow  into  the  venous  system  under  the  influence  of  the  chemical 
products  of  activity. 

Bayliss  (33)  demonstrated  that  under  constant  pressure  an  increase 
of  flow  through  an  organ  occurs  when  COi  or  other  acid  is  added  to  a 
perfusion  fluid.  He  recognized  that  any  acid  stronger  than  carbonic 
merely  liberates  CO«  from  carbonates  and  is  itself  neutralised.  Thus 
the  effects  of  all  acids  are  brought  about  through  CO*,  although  in  last 
analysis  the  stimulus  may  depend  on  Cm. 

Hooker  (29),  Schwars  and  Lemberger  (34)  and  v.  Anrep  (35)  have 
contributed  experiments  showing  with  entire  unanimity  and  conclusive- 
ness the  relaxing  effect  of  COj  and  other  acids  in  high  dilution  on  blood 
vessels  while  Adler  (36)  has  shown  this  effect  and  with  special  distinct- 
ness the  contracting  effects  of  dilute  alkali.  The  details  of  the  obnerva. 
tione  of  Adler  and  previously  of  Natus  (37)  in  related  lines  are  especi- 
ally interesting. 
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Hooker's  work  was  done  in  part  to  test  the  idea  of  a  veno-prcssor  mechanism  ss 
suggested  by  Henderson.  Hooker  rejects  the  idea  and  Baylies  likewise  sees 
little  to  support  it.  Hooker  appears  to  have  misunderstood  Henderson  as  claim- 
ing that  an  increase  of  acidity  constricts  veins.  The  contention  of  the  Utter 
was,  on  the  contrary,  that  a  high  content  of  OOi  in  the  blood  and  a  high  venous 
pressure  are  concomitants,  and  that  low  COi  induces  low  venous  pressure.  If  the 
conception  of  the  circulation  expressed  in  figure  1  is  at  all  correct,  it  is  a  mechani- 
cally erroneous  idea  that  to  raise  venous  pressure  there  must  be  a  constriction  of 
veins,  and  that  dilatation  of  veins  causes  lower  venous  pressure.  Hooker  and 
Bayliss  seem  to  read  "  veno-presaor"  as  synonymous  with  "veno-constrictor." 
On  the  contrary,  ss  we  conceive  the  hydraulic  relations  a  widening  of  the  caliber 
of  the  venules,  allowing  readier  outflow  from  the  tissue  reservoirs,  should  in 
crease  venous  pressure;  and  a  constriction  of  venules  should  decrease  the  venous 
return  to  the  heart,  and  lower  venous  pressure  by  damming  the  blood  in  the 
capillaries  (see  fig.  1). 

None  of  the  investigators  in  this  field  seem  to  have  suggested  that  the 
chemical  influence  of  tissue  metabolism  must  be  far  more  completely 
exerted  upon  venules  than  upon  arterioles.  Gaskell  thought?  that 
arterioles  may  be  affected  through  the  lymph.  But  the  inner  wall  of 
these  vessels  is  bathed  by  the  fresh  arterial  blood  in  which  the  CO*  con- 
tent varies  comparatively  'ittle.  Furthermore  in  normal  life  the  chief 
control  of  the  arteries  is  not  chemical  but  nervous  and  is  exerted  from 
the  central  nervous  system.  The  walls  of  the  venules  on  the  contrary 
are  exposed  both  from  within  and  without  to  the  influence  of  metabo- 
lites and  especially  to  the  full  and  widely  varying  venous  tension  of 
CO*,  H,CO,,  and  Ce. 

The  experiments  reported  below  are  a  few  abbreviated  illustrations 
taken  from  a  very  large  mass  of  work.  They  were  all  performed  and 
reported  in  outline  eight  or  ten  years  ago  (2).  Full  publication  has 
been  delayed  until  now  in  the  hope  that  we  should  find  some  form  of 
presentation  which  would  bring  the  facts  of  venous  pressure  under 
the  prevalent  vasomotor  conceptions. 

EXPERIMENTAL 

The  general  plan  of  our  research  was  to  do  two  sets  of  experiments  for 
comparison.  In  one,  series  A,  the  nervous  vasomotor  mechanism  was 
excited  or  depressed  by  the  classic  methods — section  and  stimulation  of 
the  spinal  cord,  stimulation  of  the  splanchnic  nerves,  stimulation  of  an 
afferent  nerve  and  intravenous  injection  of  epinephrin.  In  the  other, 
series  B,  as  nearly  as  possible  only  the  purely  peripheral  chemical  fac- 
tor in  the  regulation  of  the  circulation  was  brought  into  activity  by 
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adding  CO*  to  the  oxygen  with  which  the  lungs  were  insufflated  in  a 
decapitated  animal.  In  both  series  the  arterial  pressure  was  taken  as 
the  index  of  the  activity  of  the  vasomotor  nerve  endings.  In  both  it  is 
the  amount  of  the  effect  obtained  upon  venous  pressure  which  is  the 
point  of  interest. 

To  make  the  line  of  thought  clear,  let  us  suppose  that  it  could  be 
shown  that  increased  activity  of  the  nervous  mechanism  (e.g.,  by  epi- 
nephrin  or  splanchnic  stimulation)  caused  a  great  rise  of  arterial  pres- 
sure but  no  change  of  venous  pressure.  Suppose  again  that  increase  of 
CO,  in  the  blood  and  tissues  caused  a  marked  rise  of  venous  pressure 
accompanied  by  no  change  of  arterial  pressure.  Then  we  might  fairly 
differentiate  two  mechanisms;  the  one  nervous-arterial,  the  other 
cltemical-ve  nous. 

Actually  of  course  the  various  parts  of  the  circulation  are  too  closely 
interdependent  for  such  experimental  results  to  be  obtainable  or  eveo 
conceivable.  Even  if  the  nervous  system  had  no  direct  control  over 
veins,  arterial  changes  must  indirectly  influence  venous  pressure,  and 
even  if  arterioles  were  wholly  insensitive  to  chemical  influences,  venous 
changes  must  exert  some  indirect  effect  upon  arterial  pressure.  As 
both  of  these  conditional  clauses  are  contrary  to  fact  the  problem  of 
experimental  differentiation  of  the  nervous-arterial  and  chemical- 
venous  controls  is  one  of  extreme  technical  difficulty. 

Logically  all  possibility  of  the  participation  in  venous  pressure 
changes  by  alterations  of  cardiac  activity  or  by  stimulation  or  depres- 
sion of  nerve  centers  direct  or  reflex  should  be  experimentally  excluded. 
Such  rigor  of  demonstration  appears  however  to  be  only  partially 
obtainable. 

Any  cardio-inhibitory  action  raises  venous  pressure  by  decreasing 
the  volume  pumped  out  of  the  venous  system  and  by  slowing  the  general 
blood  stream  (25).  The  blood  gases  strongly  influence  the  cardio-inhiln 
itory  center;  therefore  in  most  experiments  both  vagi  were  cut. 

During  ordinary  asphyxia  there  is  an  enormous  rise  both  of  arterial 
ami  venous  procure  even  after  section  of  the  vagi.  If  the  peripheral 
effects  of  (X>t  contribute  to  this  rise,  the  veno-pressor  element  is  ob- 
scured by  the  powerful  central  vasomotor  influence  of  asphyxia  (38). 
For  demonstration  of  the  veno-pressor  factor  it  is  essential  that  the  well- 
known  and  powerful  effect  of  the  asphyxia!  chemical  substances  and 
deficiencies  upon  the  vasomotor  center  in  the  medulla  should  tie  ex- 
cluded. Therefore  (except  in  certain  cases)  the  spinal  cord  was  ex- 
fxwed  and  cut  just  lielow  the  occiput  in  dogs,  while  in  the  cats  used  the 
head  was  removed  by  the  method  of  Sherrington. 
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When  the  stump  of  the  spinal  cord  is  stimulated  electrically  to  deter- 
mine the  effects  of  electrical  excitation  of  the  vasomotor  mechanism 
upon  the  circulation  all  the  skeletal  muscles  also  are  thrown  into  con- 
traction and  this  contributes  to  the  rise  of  pressure  by  an  indefinable 
amount.  Therefore  the  animals  in  which  this  experiment  was  tried 
were  always  curarized. 

When  the  cord  is  electrically  stimulated  or  when  epinephrin  (Parke, 
Davis  &  Company  adrenalin)  is  introduced  into  a  vein  it  is  necessary 
to  distinguish  between  the  effect  upon  venous  pressure  induced  directly 
and  effects  indirectly  resulting  from  the  slowing  or  overstrain  of  the 
heart.  Vagus  section  and  care  as  todosageare  the  only, yet  not  wholly 
satisfactory,  means  of  covering  this  point. 

Fortunately  for  the  purpose  of  our  research  the  results  of  the  first 
series  of  experiments  indicate  that  the  nervous  control  of  the  circula- 
tion is  chiefly  on  the  arterial  side,  while  the  results  of  the  second  series 
demonstrate  that  the  peripheral  chemical  control  is  powerful  in  its  influ- 
ence upon  venous  pressure  and  scarcely  perceptible  in  its  relation  to 
arterial  pressure. 

Series  A.  These  experiments  are  controls  showing  the  maximum  ex- 
tent of  the  vasomotor  nervous  influence  upon  venous  pressure.  They 
show  that  a,  abolition  of  the  influence  of  the  vasomotor  center  in  the 
medulla  by  section  of  the  spinal  cord  causes  no  fall  (but  sometimes  indi- 
rectly a  rise)  in  venous  pressure ;  b,  stimulation  of  the  stump  of  the  spinal 
cord  sufficient  to  cause  a  marked  rise  of  arterial  pressure  has  only  a  slight 
and  apparently  mainly  indirect  effect  in  raising  venous  pressure  when 
skeletal  muscular  movements  are.  excluded  by  means  of  curare ;  c,  reflex 
rise  of  venous  pressure  on  stimulation  of  an  afferent  nerve  is  not  com- 
parable in  amount  to  the  arterial  rise;  d,  stimulation  of  the  splanchnic 
nerves  induces  a  rise  of  both  arterial  and  venous  pressure.  But  in  none 
of  these  conditions  do  the  changes  in  venous  pressure  exceed  35  mm. 
saline  and  they  are  seldom  bo  much,  although  the  alteration  of  vascular 
tonus  as  judged  by  changes  of  arterial  pressure,  waB  in  many  cases 
intense, — facts  which  contrast  strikingly  with  the  results  of  chemical 
stimulation  to  be  shown  later  (series  B). 

Methods.  When  dogs  were  used  the  technique  was  usually  as  follows : 
morphine  subcutaneously  (0.010  to  0.015  gram  per  kilo  body  weight) ; 
half  an  hour  later  a  little  chloroform,  then  ether.  Vagi  cut.  Arterial 
pressure  recorded  by  a  manometer  connected  with  the  carotid  artery. 
Venous  pressure  taken  in  the  central  end  of  the  jugular  or  femoral  vein 
by  the  method  described  by  Henderson  and   Barringer  (11).     Great 
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care  was  taken,  and  is  necessary,  to  insure  avoiding  any  obstruction  in 
the  vessel.  Even  a  full  bladder  obstructs  the  femoral  return.  Only 
trie  results  of  quick  inflows  were  recorded  (cf.  loc.  cit .  (11) ).  Measure- 
ments of  venous  pressure  are  in  millimeters  of  saline  solution.  Zero 
pressure  was  taken  as  tbe  level  of  the  junction  of  the  vessel  into  which 
the  special  venous  cannula  manometer  was  inserted,  and  its  proximal 
vein,  the  subclavian  or  abdominal  vena  cava.  Tbe  protocols  state 
when  curare  was  used.  After  two  or  three  concordant  measurements 
of  arterial  and  venous  pressure  tbe  spinal  cord  was  cut  between  tbe 
atlas  and  occiput  and  the  effects  upon  arterial  and  venous  pressures 
were  noted.  When  the  cord  was  stimulated  electrically  the  electrode* 
were  inserted  into  tbe  vertebral  canal  on  each  side  of  the  cord  to  a  dis- 
tance of  a  few  millimeters  below  the  point  of  section.  Artificial  respi- 
ration, unless  otherwise  indicated,  was  maintained  by  means  of  a  pump 
run  by  an  electric  motor,  or  by  intratracheal  insufflation  of  oxygen  from 
a  cylinder  of  compressed  pis  through  a  wash  bottle. 

In  some  experiments  the  vena  cava  was  partly  occluded  as  a  device 
to  exclude  cardiac  effects  upon  venous  pressure  and  confine  tbe  evidence 
to  peripheral  changes. 

In  the  experiments  in  which  tbe  splanchnics  were  stimulated  tbe 
spinal  cord  and  vagi  were  not  cut. 

When  cats  were  tbe  subjects  of  the  experiment  they  were  first  lightly 
etherised,  tbe  vagi  cut  and  tbe  cord  severed  just  below  the  occiput,  or 
else  tbe  entire  bead  was  removed  by  the  method  of  Sherrington. 

!  dog;  5  kilo*.    Venous  procure  from  Jugular  vein. 
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Before  section  of  spinal  cord 
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Result :  On  section  of  the  cord  venous  preeeure,  lnit«ed  of  I ailing,  roee  elight  ly, 
owing  probably  either  to  the  paseaga  of  a  greater  volume  of  blood  through  the 
relaxed  arteriole*  into  the  venom  ayetem,  or  to  leea  efficient  bean  action. 

Bxperimtnt  A  I .  Dog;  8.5  kilo*.  Venom  pressure  from  femoral.  Insufflation. 
The  vena  cava  was  partly  comprewed  by  a  ligature  placed  about  it  juat  below  (be 
diaphragm,  not  sufficient  to  occlude  ft  entirely  but  merely  eo  a*  to  cause  and 
maintain  a  high  venous  pressure  dlstally.  It  was  thought  that  under  these  coo- 
ditione  any  change  in  the  tonue  of  the  veins  would  be  made  more  evident. 
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Result:  With  a  slight  obstruction  (not  occlusion] of  the  vena  cjivb  the  femoral 
venous  pressure  was  not  affected  by  spinal  section  although  arterial  pressure  fell 


Experiment  AS.    Bull  dog;  9  kilos.    Venous  pressure  from  femoral  vein  (un- 
obstructed).    Insufflation.     The  animal  was  fully  curariied. 
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The  spinal  cord  « 
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i  then  stimulated  electrically  for  3  minutes,  i.e.,  through  8th 


6  minutes  after  section. . 

7  minutes  after  section. . 

8  minutes  after  section. . 
12  minutes  after  section 


Stimulation  of  cord  repeated  with  stronger  current  and  continued  for  6  minutes 
(through  17th  minute) 
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70 

Result:  On  section  of  the  cord  arterial  pressure  fell  one-half  while  venous 
pressure  rose  slightly,  then  fell  slightly.  On  moderate  stimulation  of  the  cord 
there  was  marked  rise  of  arterial,  but  only  a  slight  rise  of  venous  pressure.  On 
strong  stimulation  arterial  pressure  was  raised  from  56  to  160  while  venous  pres- 
sure rose  only  from  65  to  76,  and  failed  to  maintain  even  this  elevation  totheend 
of  the  stimulation  period. 
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Exp*nm*id  AS.  Dog;  11.5  kilo*.  Morphia,  ether.  Natural  breathing  of  air 
under  a  sufficient  poeitive  praeeure  to  keep  the  lungs  distended  after  the  thorax 
was  opened.  A  oardiometer  was  placed  upon  the  ventricles  of  the  heart  and  the 
volume  curve  recorded.  From  the  heart  rata  and  amplitude  of  beat  the  ciroula- 
tiou  rate  has  been  calculated.    The  right  splanchnic  was  cut  and  stimulated. 
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During  stimulation  of  splanchnic 
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Result:  Section  of  the  right  splanchnic  caused  a  fall  of  both  arterial  and  ven- 
ous pressure,  a  less  efficient  diastolic  filling  of  the  heart  and  a  consequent  decrease) 
of  circulation  rate.  Stimulation  of  the  splanchnic  raised  both  pressures  sod  in- 
creased the  venous  return  aa  evidenced  by  augmentation  of  the  circulation  rate. 
For  graphic  records  from  this  animal  see  Henderson  and  Barringer,  op.  eit.  p. 


Experiment  AS.    Cat,  decapitated.    .Insufflation.    Quick  injection  of  adren- 
alin, complete  in  10  seconds. 


Before  injection.. 
30  seconds  after.. 
3  minutes  after.. 


Result:    The  arterial  pressure  rose  45  n 


i.  and  venous  20  nun. 


Experiment  AtO.    Cat,  decapitated.    Insufflation.    Slow  injection  of 
during  1  minutes. 


Before  injection 

20  seconds  after  starting  injection. . . 

1  minute  after  starting  injection — 

2  minutes  after  starting  injection. . . 
2|  minute*  after  starting  injection. . 
5  minutes  after  starting  injection... 


Result:    Although  venous  pressure  rose  at  first  it  fell  again  e 
injection  nearly  to  its  initial  level,  indicating  that  the  vasomotor 
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venous  pressure  is  not  direct  but  is  due  to  redistribution  of  blood.  As  soon  as 
this  redistribution  is  established  venous  pressure  falls  again  even  while  a  high 
arterial  pressure  is  maintained. 

Experiment  All.    Cat,  decapitated.    Insufflation.    Slow  injection  of  adren- 
alin, during  4.5  minutes. 
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Result:  Although  venous  pressure  rose  at  first  it  fell  again  even  during  the 
injection  nearly  to  its  initial  level. 

Series  B.  These  experiments  were  designed  to  test  the  peripheral 
chemical  vascular  control,  i.e.,  the  veno-presaor  mechanism.  They 
were  performed  upon  cats  after  decapitation,  or  section  of  vagi  and 
spinal  cord.  The  pulmonary  ventilation  was  maintained  by  intra- 
tracheal insufflation  with  a  jet  of  oxygen. 

When  the  jet  was  enriched  with  15  or  20  per  cent  of  CO»,  venous  pres- 
sure began  after  a  few  seconds  to  rise  and  continued  to  do  so  until 
levels  of  60  or  70  mm.  or  even  more  were  attained.  When  the  CO» 
was  shut  off  and  the  lungs  ventilated  rapidly  with  oxygen  alone,  venous 
pressure  fell  again  gradually  to  its  original  level. 

These  changes  of  venous  pressure  are  about  100  per  cent  greater  than 
those  obtained  in  the  previous  series  of  experiments.  Their  significance 
is  clear  in  view  of  the  fact  that,  while  in  the  previous  series  arterial 
pressure  was  always  greatly  affected,  in  the  effects  of  CO*  arterial 
changes  are  minimal  or  absent.  The  only  effect  upon  the  arterial 
pressure  curve  was  an  increased  amplitude  of  pulsation. 

Venous  pressure  was  measured  from  the  jugular  in  all  cases  and  from 
ihe  femoral  also  in  a  few  experiments  in  which  the  vena  cava  inferior 
was  partially  occluded. 
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Experiment  Bl.    Cat,  beheaded.     Insufflation  with  oxygen,  then  oxygen  plui 
IS  per  oent  COj,  and  finally  oxygen  alone. 


Oxygen  alone.... 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 
Oxygen  +  CO,.. 

Oxygen  alone 

Oxygen  alone.... 

Oxygen  alone 

Oxygen  alone.... 

Oxygen  alone 

Oxygen  alone 

Oxygen  alone.... 
Oxygen  alone... 
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Result :  Under  the  influence  of  CO,  venous  pressure  rote  progressively  during 
5  minutes  to  a  height  of  70  mm.  As  the  excess  of  CO,  was  ventilated  out  of  the 
animal  venous  pressure  fell  again.  The  simultaneous  change*  of  arterial  pressure 
were  10  mm.  upward  and  4  mm.  downward.  The  pressure  record  abowed  an  in- 
creased amplitude  of  pulsation. 

Experiment  Bl.  Cat,  beheaded.  Insufflation  with  oxygen,  then  oxygen  plus 
15  per  cent  of  CO, ,  and  finally  oxygen  alone. 


Result:  Under  CO,  venous  prensure  rose  during  22  minutre  from  0  to  80  mm. 
while  arterial  pressure  rose  only  from  50  toflO.  The  amplitude  of  the  pulsation*  in 
the  arterial  pressure  record  was  markedly  increased.  Later  during  6  minutes 
under  oxygen  alone  venous  pressure  fell  to  its  original  level  and  arterial  pressure 
sank  slightly. 
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Experiment  BS.  Cat,  vagi  cut  and  spinal  cord  severed  below  occiput  with  dull 
chisel  but  head  not  removed.  Insufflation  with  oxygen,  then  oxygen  plus  20  per 
cent  of  COi,  and  finally  oxygen  alone.  The  vena  cava  inferiorwaspartially 
(not  completely)  occluded  and  the  pressure  was  determined  in  both  the  jugular 
and  femoral  veins. 
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Result:  The  effects  of  CO»  in  this  case  were  similar  to  those  in  the  two  pre- 
ceding experiments  but  the  fact  that  increased  amplitude  in  the  arterial  pressure 
record  occurred  even  with  the  vena  cava  damped  suggests  that  this  phenomenon 
is  not  due  to  increased  filling  of  the  heart,  i.e.,  larger  systolic  discharges,  but  to 
more  forcible  contractions. 

CONCLUSIONS 

The  general  significance  of  the  results  of  these  two  series  of  experi- 
ments appears  to  us  to  be  as  follows: 

1.  Procedures  which  strongly  influence  vasomotor  innervation,  e.g., 
spinal  section,  spinal  stimulation,  stimulation  of  an  afferent  nerve, 
splanchnic  stimulation  and  intravenous  injection  of  epinephrin,  cause 
on  the  whole  decidedly  greater  alterations  of  arterial  than  of  venous 
pressure,  and  the  alterations  of  venous  pressure  are  often  only  momen- 
tary and  therefore  largely  indirect  and  secondary  to  redistribution  of 
blood. 

2.  In  the  beheaded  cat  increase  of  CO*  in  the  blood  (with  ample  oxy- 
gen), which  has  little  or  no  effect  upon  arterial  pressure  other  than  an 
increased  amplitude  of  pulse,  causes  an  enormous  rise  of  venous  pres- 
sure. The  pressure  develops  gradually  as  the  CO*  accumulates  in  the 
tissues  and  falls  again  gradually  as  the  excess  of  CO*  is  ventilated  out 
of  the  body. 
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3.  These  facts,  taken  with  those  quoted  in  the  introductory  part  of. 
this  paper,  indicate  the  existence  of  a  veno-pressor  mechanism  distinct 
from  the  vasomotor  nervous  regulation  and  consisting  in  a  peripheral 
chemical  control,  largely  through  variations  in  the  COj  content  of  the 
venous  blood,  over  the  venous  pressure  and  the  volume  of  the  venous 
return. 

4.  As  venous  pressure  and  the  volume  of  the  venous  return  areessen- 
tial  elements  in  the  diastolic  filling  of  the  heart,  and  thus  are  factors 
in  determining  the  volume  of  blood  circulated  in  unit  time,  it  appears 
probable  that  the  veno-pressor  mechanism  may  play  a  part  in  the 
increased  circulation  during  muscular  exertion.  It  thus  assists  in  co- 
ordinating the  volume  of  the  blood  stream  with  the  energy  expenditure 
and  gaseous  metabolism  of  the  tissues. 

5.  As  it  is  now  generally  admitted  that  in  shock  it  is  the  decreased 
venous  return  which  is  the  cause  of  the  fall  of  arterial  pressure,  the  rela- 
tion of  CO*  to  the  veno-pressor  mechanism  affords  an  explanation  of  the 
mode  by  which  acapnia  induces  circulatory  failure. 
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It  has  been  shown  that,  roughly  speaking,  the  rate  of  rhythmic  con- 
traction in  the  small  intestine  varies  inversely  as  the  distance  from  the 
pylorus  (1).  The  evidence  in  favor  of  the  muscular  origin  of  this 
rhythm  seems  now  to  be  overwhelming.  The  theory  of  a  neurogenous 
origin  depended  almost  entirely  upon  the  work  of  Magnus.,  which  has 
recently  been  repeated  and  overthrown  by  Gunn  and  Underbill  (2). 
Using  a  better  teebnic,  they  obtained  plexus-free  strips  of  intestinal  mus- 
cle that  would  contract  rhythmically  in  Locke's  solution.  More  re- 
cently Mr.  Taylor  and  I  (3)  and  Miss  Starkweather  and  I  (4)  have  pre- 
sented evidence  in  support  of  the  view  that  the  local  differences  inrbytb- 
micity  are  due  to  differences  in  the  metabolism  of  the  muscle  in  the 
different  regions.  This  present  work  was  undertaken  in  the  hope  that 
further  light  might  be  thrown  upon  this  problem  by  a  study  of  the 
ways  in  which  various  drugs  influence  the  rate  of  contraction  in  the 
different  regions. 

TECHNIC 

Excised  segments  of  rabbit's  intestine  have  been  used.  The  animals 
were  killed  by  a  blow  on  the  head  and  the  abdomens  opened  immedi- 
ately. Segments  were  cut  from  the  first  portion  of  the  duodenum, 
from  the  upper  jejunum,  from  the  upper  ileum,  from  the  lower  ileum 
and  from  the  colon  where  it  parallels  the  first  portion  of  the  duodenum. 
These  pieces  were  washed  out  and  kept  in  iced  Locke's  solution.  Smaller 
segments,  2  to  3  cm.  long,  were  cut  as  needed.  These  were  attached 
to  light  heart-levers  and  suspended  in  a  beaker  containing  400  cc.  of 
aerated  Locke's  solution  kept  at  3S°C.  When  testing  valuable  drugs 
this  large  amount  of  fluid  may  seem  wasteful  but  the  results  are  much 
better  than  those  obtained  with  small  amounts.  The  segments  beat 
more  regularly,  possibly  on  account  of  the  greater  dilution  of  their  me- 
tabolites; and  less  care  need  be  taken  to  avoid  changes  in  temperature 
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when  adding  drugs.  To  insure  prompt  mixture  the  drugs  were  all 
added  in  liquid  form.  By  directing  the  air-jet  horizontally,  a  certain 
amount  of  circulation  was  kept  up  in  the  fluid.  Most  of  the  work  was 
done  with  new  segments  which  had  not  been  tested  previously  with 
any  drug.  Ordinarily  the  segments  that  had  been  tested  and  washed 
were  used  for  preliminary  work  in  finding  the  dosage  of  the  various 
drugs  which  would  definitely  influence  the  muscle  but  not  paralyze  it. 
After  that  a  few  crucial  experiments  would  be  done  with  new  pieces. 

Of  the  seventy-five  drugs  studied,  a  number  are  used  commonly  in 
medicine  as  laxatives  and  emetics,  several  are  nerve  depressants  and 
anesthetics,  some  diminish  or  increase  oxidation4  while  others  are  poisons 
which  attack  various  parts  of  the  protein  molecule.  They  have  been 
arranged  alphabetically  for  the  sake  of  convenience.  They  may  be 
divided  into  three  classes:  those  which  increased  the  rate,  those  which 
slowed  it  and  those  which  had  no  definite  effect  with  the  doses  used. 

When  possible,  the  rate  was  counted  after  the  segments  had  been 
exposed  to  the  drug  for  from  ten  to  fifteen  minutes.  Sometimes  this 
interval  had  to  be  shorter,  as  when  the  contractions  ceased  or  became 
irregular.  No  attempt  was  made  to  estimate  percentages  of  increase  or 
decrease  in  the  rates  of  the  colonic  segments  after  it  was  seen  that  they 
contracted  too  irregularly  for  accurate  work.  It  is  interesting,  as  show- 
ing the  great  difference  between  the  muscle  in  small  and  large  intestine 
that  except  in  the  case  of  a  few  drugs  which  made  the  colonic  rhythm 
more  regular  and  others  which  stopped  it  altogether,  those  which  had 
pronounced  effects  on  the  rates  of  the  small  intestine  had  none  on  the 
rate  of  the  large. 

Drugs  which  increased  the  rate.  The  most  pronounced  effects  were 
obtained  with  calcium  chlorid,  calcium  lactate  and  benzene.  The  fol- 
lowing tables  show  data  obtained  in  typical  experiments.  In  all  these 
tables  D  stands  for  duodenum,  J  for  jejunum,  M  for  middle  and  I  for 
ileum. 
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A  similar  graded  effect  was  observed  in  gome  of  the  experiments  with 
sodium  and  potassium  hydrate. 
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More  often,  however,  the  percentage  of  increase  was  about  the  same 
or  etse  graded  irregularly.  Xicotin  occasionally  produced  a  graded 
increase  in  rate,  as  will  be  seen  from  the  following  figures. 
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Ordinarily  the  results  were  more  irregular.    Ammonia  gave  one 
graded  result  among  several  atypical  ones. 
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A  pronounced  ungraded  increase  was  observed  several  times  with 
mercuric  chlorid.  Slight  irregular  increases  were  obtained  at  times 
with  adrenalin,  acetone,  chloroform  and  ether.  Ordinarily  no  changes 
in  rate  were  observed  with  these  dnjgs. 

The  striking  thing,  then,  in  a  number  of  these  experiments  was  the 
peculiar  gradation  in  the  percentage  of  increase.  The  possible  sig- 
nificance of  this  finding  will  be  taken  up  later  in  the  discussion. 

Drugs  which  tlotcrd  tht  rate.  These  may  be  divided  first  into  two 
groups:  those  which  had  pronounced  effects  and  those  which  had  only 
slight  effect  a. 
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Pronounced  effects 
Aloin 

Alum  AlK(SO«),12H,0 
Antimonyl  potassium  tartrate 
Carbon  dioxid 
Cascara 
Chloral  hydrate 
Digitalis 
Ergot 

Fonnaldehyd 
Hydrochloric  acid 

Jalap 

Phenyl  hydraiin 

Potassium  cyanid 

Quinin  bisulf&te  l 

Quinin  hydrochlorid 

Quinin  urea  hydrochlorid 

Sodium  citrate 
Sodium  nitrite 
Sodium  salicylate 
Zinc  sulfate 


Might  efftelt 
.Alcohol  (ethylio) 
A  nil  in  oil 

Apocodein  hydrochlorid 
Apomorphin 
Barium  chlorid 
Beta  eucain 
Chloretone 
Copper  sul'ate 
Digital  in 
Glucose 

Hydrogen  peroxid 
Lead  acetate 
Magnesium  chlorid 
Magnesium  sulfate 
Oxalic  acid 
Phenol 
Pilocarpin 
Potassium  bromid 
Potassium  iodid 
Potassium  permanganate 
Sodium  Buorid 

Sodium  phosphate  (NatHPO«) 
Sodium  potassium  tartrate 
Sodium  sulfate 


Thirteen  of  these  substances  will  be  discussed  first  as  they  all 
tended  to  slow  the  segments  in  a  particular  way.  All  but  alcohol  are 
from  the  group  of  strong  depressants.    They  are: 


Alcohol 

Antimonyl  potassium  tartrate 

Carbon  dioxid 

Chloral  hydrate 

Digitalis 

Ergot 

Following  are  some  typical  protocols: 


Fonnaldehyd 
Potassium  cyanid 
Quinin  bisulfate 
Quinin  hydrochlorid 
Quinin  urea  hydrochlorid 
Sodium  citrate 
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rOTMHin    CTUIO 
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Twenty-four  such  Beta  of  percentages  obtained  with  different  drugs 
have  been  charted  in  figure  1.  The  ordinate*  represent  percentages 
and  the  abscissae  the  four  segments.  It  is  apparent  that  there  was 
always  a  gradation  from  segment  D  to  segment  M  and  then  usually  a 
rise  to  segment  I.  Occasionally  the  downward  gradient  was  main- 
tained  as  far  as  segment  I.  The  percentage  of  I  never  rose  as  high  as 
that  of  D. 

The  other  drugs  in  the  group  of  marked  depressants  which  did  not 
show  this  type  of  gradation  are,  with  two  exceptions,  resinous  vegetable 
extracts;  aloin,  cascara,  ipecac,  jalap  and  sTina.  With  these,  and  with 
all  but  one  (alcohol)  of  the  mild  depressants  in  group  2,  the  rates  were 
depressed  either  irregularly  or  about  equally. 

Substance*  trhtch  did  not  affect  the  rate. 

Acetone.    Occasionally  seemed  to  in- 


Adrenalin.     Oceanionally    seenmd    to 


A  tropin 

Bile 

Chloroform.    Occasionally  deemed  to 


Cor  a  in.     Occasionally   seemed    t 


Occasionally  deemed   to  de- 


Ether.    Occasionally    seemed 

crease  the  rate 
Glycerin 

Lithium  carbonate 
Morphia  sulfate 
NoToeain 
Picric  acid 
Pitu  trin 

Potaaaium  chlorid 
Sodium  bicarbonate 
Sodium  chlorid 
Strychnin  sulfate 
Urea 
U  re  thane. 
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It  is  possible  that  if  larger  dosea  had  been  used  some  of  these  drugs 
might  have  produced  more  definite  effectB.  Some  of  them,  such  as 
chloroform  and  ether,  could  not  be  used  in  larger  concentration  on  ac- 
count of  their  comparative  insolubility  in  water. 


Fig.  1.  Shows  the  gradation  in  the  percentage  of  slowing  in  different  regions. 
The  ordinate*  represent  percentages  of  the  original  rate  before  the  drug  was 
added;  the  abscissae  represent  the  four  regions  from  which  segments  were  taken. 

DISCUSSION 

At  first  sight  there  seems  little  in  common  among  the  drugs  which 
increased  the  rate.  Ammonia  and  the  hydrates  of  potassium  and  so- 
dium may  owe  their  effects  to  their  alkalinity.  Sodium  bicarbonate, 
however,  had  no  effect  on  the  rate  although  it  had  definite  effects  on 
tone  and  amplitude  of  contraction.    Hydrochloric  acid  and  CO,  slowed 
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the  segments  markedly  but  oxalic  acid  had  little  effect  on  the  rate  and 
picric  acid  had  none.  To  be  sure,  the  toxic  effects  of  the  last  two  acids 
were  so  marked  that,  in  the  small  doses  used,  the  acid  factor  may  have 
been  slight.  Calcium  salts  are  known  to  favor  rhythmic  activity  in 
the  heart  muscle.  It  is  strange,  however,  that  they  should,  at  the 
same  time  that  they  increase  the  rate,  markedly  decrease  the  amplitude 
of  contraction.  Similarly  it  is  surprising  to  find  that  drugs  which 
markedly  increase  the  tone  of  the  muscle,  such  as  barium  chlorid,  cop- 
per sulfate,  potassium  chlorid,  pilocarpin,  eserin  and  pituitrin  have,  if 
anything,  a  depressant  effect  on  the  rate  of  contraction.  Again,  adre- 
nalin, urethane  and  atropin,  which  diminish  the  tone  and  amplitude 
of  contraction,  do  not  perceptibly  alter  the  rate. 

These  observations  suggest  that  there  are  two  distinct  phases  of  the 
muscular  metabolism  acted  upon:  one  concerned  with  the  maintenance 
of  tone  and  amplitude,  the  other  with  the  rate  of  rhythmic  contraction. 
Taylor  and  I  (3)  have  shown  that  a  rise  in  temperature  will  affect  both 
together.  As  is  well  known,  a  big  rise  or  drop  in  tone  will  generally 
affect  the  amplitude  of  contraction  and  will  extinguish  the  rhythmic 
waves. 

Nicotin  may  possibly  have  stimulated  ganglion  cells  in  Auerbach'i 
plexus,  although,  as  I  have  stated  above,  it  is  unlikely  that  this  plexus 
has  anything  to  do  with  the  rhythm.  It  should  be  noted  in  this  con- 
nection that  adrenalin  and  atropin  which  are  supposed  to  act  on  nerve 
endings  bad  no  effect  on  the  rate.  Neither  did  pituitrin,  cocain,  novo- 
cain, morphin,  chloroform,  ether  or  urethane.  Pilocarpin,  which  stimu- 
lates nerve  endings,  had  actually  a  depressant  effect  on  the  rate.  Some 
of  the  drugs  whose  main  effect  is  a  depressant  one  on  necvous  tissue 
did  have  a  slowing  effect  on  the  rate.  Among  these  may  be  mentioned 
betaeucain,  chloretone,  phenol,  chloral  hydrate,  magnesium  sulfate, 
potassium  bromid,  quininurea  hydrochlorid  and  alcohol.  It  must  be 
remembered,  however,  that  most  if  not  all  of  these  drugs  have,  besides 
their  marked  and  well  known  effects  on  nerves,  a  more  or  less  toxic 
action  on  muscle  and  on  protoplasm  in  general.  Those  who  may  feel 
inclined  to  use  these  results  in  arguments  for  or  against  the  neurogenous 
origin  of  the  rhythm  should  be  deterred  not  only  by  the  contradictions 
pointed  out  above  but  also  by  the  many  contradict  ions  in  recent  writings; 
contradictions  which  show  that  our  ideas  about  the  pharmacology  of 
nerve  endings  must  be  revised.  Some  of  those  difficulties  in  the  way 
of  accepting  the  old  ideas  are  well  brought  out  by  Cusbny  (5).  It  is 
not  surprising  that  protoplasmic  poisons  such  as  potassium  cyanid, 
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formalctehyd,  phenylhydrazin,  anilin,  oxalic  acid  and  potassium  per- 
manganate should  have  slowed  the  rate.  Others,  however,  such  as  pic- 
ric acid,  had  no  effect;  while  mercuric  chlorid  and  ammonia  produced 
an  increase  in  rate. 

The  gradations  in  the  percentage  of  increase  and  decrease  with  vari- 
ous drugs  are  of  considerable  interest.  They  suggest  a  greater  sta- 
bility of  the  rhythm  in  the  duodenum.  The  tendency  to  contract 
rhythmically  is  so  much  stronger  in  the  upper  end  of  the  tract  that  it 
may,  perhaps,  overcome  a  depressant  which  is  powerful  enough  to  slow 
the  ileum  (6).  The  greater  increase  in  the  rate  of  the  ileum  after  the 
addition  of  calcium  salts  suggests  that  the  duodenal  rate  is  already 
nearly  maximal.  The  fact  that  some  of  the  drugs  produced  graded 
increases  or  decreases  while  others  bad  ungraded  effects  suggests  that 
the  two  groups  act  in  different  ways  or  on  different  parts  of  the  con- 
tractile protoplasm. 

It  is  of  interest  that  the  vegetable  cathartics,  aloin,  cascara,  jalap 
and  senna  all  produced  a  marked  decrease  in  the  rate  of  contraction. 
This  effect  could  not  be  ascribed  to  the  alcohol  introduced  with  them 
as  the  amount  was  too  small  to  have  any  effect.  Another  thing  which 
deserves  mention  is  the  fact  that  digitalis  had  a  pronounced  slowing  ef- 
fect on  the  excised  intestinal  muscle  just  as  it  has  on  the  heart  (7). 
That  COi  has  a  particular  effect  on  the  rate  aside  from  its  asphyxiating 
action  is  shown  by  the  fact  that  no  slowing  appeared  even  when  the 
segments  were  allowed  to  contract  for  long  periods  of  time  without 
aeration  of  the  fluid. 

SUMMARY 

Sets  of  five  segments  from  different  parts  of  the  bowel  were  studied 
under  identical  conditions  in  a  beaker  of  aerated  Locke's  solution. 

Of  the  seventy-five  drugs  tested,  eight  increased  the  rate,  forty-six 
slowed  it  and  twenty-one  had  no  effect. 

Calcium  chlorid,  calcium  lactate,  benzene,  nicotin,  ammonia,  sodium 
hydrate,  potassium  hydrate  and  mercuric  chlorid  increased  the  rate. 

Marked  slowing  was  produced  by  alum,  antimony!  potassium  tar- 
trate, carbon  dioxid,  cascara,  chloral  hydrate,  digitalis,  ergot,  formalde- 
hyd,  hydrochloric  acid,  ipecac,  jalap,  phenylhydrazin,  potassium  cyanid, 
quinin  salts,  senna,  sodium  citrate  and  sodium  nitrite. 

With  a  number  of  the  drugs  the  rate  of  the  ileal  segment  was  more 
affected  than  that  of  the  duodenal  segment;  and  there  was  a  gradation 
in  the  percentage  of  increase  or  decrease  from  one  end  of  the  bowel  to 
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the  other.  This  suggests  that  the  rate  in  the  upper  part  of  the  gut  is 
more  stable  and  perhaps  more  nearly  maximal  than  it  is  in  the  ileum. 

Drugs  which  increase  or  decrease  the  tone  and  amplitude  of  con- 
traction do  not  necessarily  affect  the  rate.  Thus,  pilocarpin  and 
barium  chlorid  which  increased  the  tone,  decreased  the  rate.  Calcium 
salts  which  increased  the  rate  diminished  the  amplitude  of  contraction. 
This  suggests  two  phases  of  muscular  metabolism  acted  upon:  one 
concerned  with  tone  and  amplitude,  the  other  with  the  rate. 

Digitalis  slows  the  intestinal  contractions  much  as  it  slows  those  of 
the  heart. 

Excepting  those  cases  in  which  the  colonic  rhythm  was  stopped 
entirely,  it  was  practically  unaffected  by  the  drugs  which  caused  marked 
changes  in  the  rate  of  the  small  intestine. 
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It  has  been  shown  in  recent  papers  that  there  are  gradients  of  rhyth- 
micity,  irritability,  latent  period,  COj  production  and  catalase  content 
in  the  small  intestine;  gradients  which  we  believe  determine  the  direc- 
tion of  peristalsis  (1).  It  occurred  to  us  that  there  might  be  similar 
gradients  in  the  muscular  wall  of  the  cecum,  determining  the  direction 
of  peristalsis  in  that  organ.  Some  provision  for  the  maintenance  of 
orderly  contractions  would  seem  necessary,  particularly  in  those  birds 
which  have  ceca  as  long  as  the  small  intestine  itself. 

While  studying  a  large  number  of  (anesthetized)  rabbits  with  their 
abdomens  opened  under  salt  solution,  Alvarez  (2)  had  an  opportunity 
of  watching  the  movements  of  the  cecum.  Except  in  animals  with 
diarrhoea,  this  organ  showed  only  occasional  contractions  at  long  inter- 
vals. The  waves  generally  appeared  near  the  apex,  ran  toward  the 
base  and  then  back  again.  Such  movements  ordinarily  took  place 
when  a  peristaltic  rush  forced  material  from  the  ileum  through  the  ileo- 
cecal sphincter.  Some  of  this  material  would  apparently  go  into  the 
cecum  and  some  into  the  upper  colon.  Other  observers  have  described 
similar  movements.  Meltzer  and  Auer  (3),  who  watched  the  cecum 
through  the  shaved  abdominal  wall  in  rabbits,  saw  waves  about  once  a 
minute.  Katsch  and  Borchers  (4),  who  studied  the  organ  through  a 
glass  window  in  the  abdominal  wall,  found  it  quiet  for  hours  in  some 
animals  and  more  active  in  others.  Elliott  and  Barclay  Smith  (5)  say 
that  in  the  guinea  pig  food  from  the  ileum  goes  directly  into  the  cecum. 
It  is  then  passed  backwards  and  forwards  for  awhile  between  cecum 
and  colon.  By  giving  the  rabbits  a  definite  number  of  small  glass  beads, 
which  could  be  identified  at  autopsy  several  days  later,  they  showed 
that  the  cecum  retains  its  contents  for  many  days.  Swirski  (6)  showed 
that  it  would  empty  itself  entirely  after  several  days  of  absolute  starva- 
tion. Basler  (7)  found  that  whereas  in  rats  and  cats  there  is  almost 
583 
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do  churning  of  the  cecal  contents,  in  rabbits  and  guinea  pigs  the  mate- 
rial is  pretty  well  mixed. 

Rhythmicity  of  excited  muscle.  We  first  looked  for  differences  tn 
rhythmicity  in  strips  of  muscle  excised  from  five  regions  along  the 
rabbit's  cecum.     The  animals  were  killed  by  a  blow  on  the  head  and 


I-  ipr.  I.  Tracings  from  different  pans  of  the  rabbit's  cecum.     On  the  right,  for 
comparison,  tracings  from  different  parts  of  smnll  intestine  and  colon 

biu  of  muscle  with  mucous  membrane  attached  were  cut  immediately. 
For  the  most  part  longitudinal  strips  were  used.  These  pieces,  about 
1  cm.  wide  and  3  cm.  long,  were  attached  to  light  heart  levers  and  sus- 
pended in  a  beaker  containing  400  cc.  of  aerated  Locke's  solution  at 
'iaW     All  five  of  Che  segments  beat  poorly,  lens  regularly  even  than 
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did  the  segments  of  colon  which,  as  we  have  shown  in  a  previous  paper 
(8),  have  very  little  rhythmicity  as  compared  with  segments  of  small 
intestine.  We  could  not  make  out  much  difference  in  the  rhythmicity 
or  in  the  shape  of  the  contraction  curves  in  different  regions.  Charac- 
teristic tracings  are  shown  in  figure  1.  At  intervals  there  were  tonus 
waves  upon  which  were  superimposed  a  short  series  of  contractions  with 
a  rate  of  from  8  to  16  per  minute.  After  a  while  the  tonus  waves  some- 
times  disappeared,  leaving  a  fairly  regular  curve  with  perhaps  5  waves 
per  minute.  No  difference  was  observed  between  the  contractions  of 
the  longitudinal  and  of  the  circular  strips.  Segments  of  guinea  pig's 
cecum  showed  even  lesB  tendency  to  contract  rhythmically  than  did 
those  from  the  rabbit;  and  no  records  of  any  value  were  obtained. 

A  glance  at  the  records  from  cecum,  small  intestine  and  colon  in  fig- 
ure 1  will  show  what  a  difference  there  must  be  in  the  neuromuscular 
apparatus  in  the  three  regions. 

Irritability  ,latent  -period  and  formoj contraction  curve.  Strips  of  muscle 
similar  to  those  used  in  the  experiments  just  described  were  placed  in 
a  warm,  moist  chamber  (temperature  26°  to  28°)  and  stimulated  with  a 
strong  faradic  current.  A  Harvard  inductorium  was  used  with  the 
secondary  coil  at  0.  The  source  of  current  was  a  battery  giving  22 
amperes  at  1.5  volts.  Even  with  this  strong  current  the  muscle  re- 
sponded very  poorly  and  after  a  long  latent  period.  The  amplitude 
was  so  small  and  the  rise  from  the  base  line  so  gradual  that  the  latent 
periods  could  not  be  measured  with  any  degree  of  accuracy  except  per- 
haps in  the  case  of  the  strip  removed  from  a  point  three-quarters  of  the 
way  from  the  base  of  the  appendix  to  the  ceco-colonic  junction.  In  the 
four  rabbits  studied  thissegment,  number  3,  always  contracted  well  with 
an  amplitude,  on  the  tracings,  of  from  3  to  4  cm.  The  other  segments 
raised  the  writing-point  only  from  0.2  to  1.2  cm.  The  lever  magnified 
about  four  times.  The  following  data  are  only  approximately  correct 
and  would  not  be  presented  were  it  not  that  the  gradation  is  so  similar 
in  all. 

Latent  periods 

Number  1  (near  tip) 0.7         0.6         1.0 

Number  2 0.7         0.5         0.5 

Number  3 -. 0.5         0.4         0.3 

Number  4  (near  base) 0.6         0.6         0.7 

The  figures  represent  seconds.  There  was  no  doubt  about  the  com- 
paratively good  results  with  strip  3  and  the  poor  results  with  strip  1. 
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The  highest  point  on  the  contraction  curve  was  reached  ordinarily  after 
15  seconds  in  all  the  strips.  Complete  relaxation  followed  in  from  2  to  5 
minutes. 

Catalaae  estimations.  In  a  preceding  paper  (1)  we  have  shown  that 
the  curve  of  catalaae  content  of  muscle  from  different  regions  of  the 
small  intestine  follows  closely  the  curves  of  rhythmicity  and  of  C<S 
production.  This  parallelism  was  so  marked  as  to  make  us  feel  that  the 
catalaae  content  of  a  tissue  is  a  fairly  reliable  index  to  its  metabolic 
activity.  When  dealing  with  regions  like  the  cecum  where  one  cannot 
learn  much  about  the  rhythmicity. 
where  the  latent  period  is  hard  to 
measure  and  where  a  number  of 
errors  can  destroy  the  value  of  CO, 
estimations,  it  is  a  pleasure  to  have 
so  simple  and  apparently  so  depend- 
able a  way  of  getting  at  the  metabolic 
gradient. 

The  method  employed  was  the  same 
as  that  described  in  the  previous  paper 
(1).  The  hydrogen  peroxid  was  neu- 
tralized before  using.  All  the  five 
estimations  were  made  at  the  same 
time  under  identical  conditions  of 
temperature,  barometric  pressure  and 
shaking.  RabbitB  and  guinea  pigs 
were  used.  The  first  four  strips  were 
taken  from  the  cecum ;  no.  5  was  from 
the  first  portion  of  the  colon  opposite 
the  mouth  of  the  cecum.  As  the 
guinea  pig  has  no  appendix,  the  first 
strip  was  taken  next  to  the  tip.  In  the  rabbit  the  first  strip  was 
taken  near  the  base  of  the  appendix.  The  mucous  membrane  was 
scraped  off,  and  the  muscle  was  weighed  and  ground  in  a  mortar. 
The  following  figures  represent  cubic  centimeters  of  i\  at  atmos- 
pheric pressure,  liberated  in  15  minutes  by  the  catalaae  in  0.3  gin.  of 
muscle.  As  the  gradation  in  any  one  set  is  the  important  thing,  we 
have  not  reduced  the  data  to  a  common  temperature  and  barometric 
pressure. 
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Fig.  2.  Ordinate*  represent  ave 
age  values  or  catalaae  in  figures 
oxygen  liberated  in  fifteen  minutes. 
Those  on  the  left  are  for  the  rabbit, 
those  on  the  right  for  the  guinea- 
pig.  Abscissae  represent  regions 
along  the  cecum  and  in  the  eoloi 
opposite  the  cecum. 
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Rabbit 

1.  Near  tip 16.5  13.5  12.4  23.2  21.2  31.0  IS. 2  11.8  18.1 

2 15-5  13.3  10.2  19.2  17.0  26.3  14.3  9.9  15.7 

3 15.5  10.4  11.2  14.1  16.5  28.8  12.7  9.5  14.9 

4.  Near  base 11.6  10.3  11.2  8.1  13.0  22.5  14.2  8.7  12.5 

5.  Colon 15.0  14.1  11.7  14.6  18.5  26.7  16.3  9.4  15.8 

Guinea  pig 

1.  Near  tip.  36.0  28.7  40.2  23.5  29.4  30.8  37.6  38.6  45.1  43.5  35.3 

2 27.4  23.0  49.2  22  0  28.8  27.7  34.0  34.8  47.4  55.6  34.8 

3 26.1  24.0  37.8  21.0  26.4  27.8  30.8  30.6  43.7  53.7  32.2 

4.  Nearbaec  26.0  26.2  39.5  21.8  27.5  27.8  33.3  25.5  37.5  50.3  31.5 

5.  Colon....  28.8  25.4  35.7  18.5  26.0  25.6  33.5  31.5  52.5  58.7  33.4 

From  these  results  it  appears  that  there  is  a  downward  gradient  from 
the  tip  to  the  base  of  the  cecum  in  rabbits  and  guinea  pigs  (see  fig.  2). 
From  the  base  the  gradient  is  upwards  to  the  colon.  In  the  guinea  pig 
the  difference  between  the  catalase  in  any  two  adjacent  segments  is  so 
near  the  limit  of  accuracy  of  the  technic  that  it  is  not  surprising  that, 
in  a  number  of  the  animals,  we  failed  tt>  show  the  usual  gradation . 

0ISCU88I0N 

We  have  here  to  deal  with  a  food  reservoir  which,  in  order  to  retain 
its  contents,  must  contract  but  seldom  and  must  not  be  very  respon- 
sive to  happenings  in  other  parts  of  the  digestive  tract.  As  we  should 
expect,  then,  we  find  it  lined  by  muscle  of  low  rhythmicity  and  low  irri- 
tability. Judging  by  its  catalase  content,  its  metabolic  activity  is  low. 
In  the  rabbit  the  figures  range  from  18  at  the  tip  to  12  at  the  base.  In 
the  small  intestine  of  the  same  animal  the  figures  range  from  38.5  in 
the  duodenum  to  21.9  in  the  ileum.  It  is  interesting,  in  view  of  the 
much  higher  catalase  values  in  the  guinea  pig,  that  Elliott  and  Smith 
state  that  the  cecum  in  that  animal  is  much  more  active  than  it  is  in 
the  rabbit. 

If  the  catalase  determinations  are  indices  of  metabolic  activity  in  the 
different  regions  and  if,  as  we  believe,  peristalsis  follows  metabolic 
gradients,  then  the  gradient  from  the  colon  to  the  cecum  will  explain 
the  filling  of  the  pouch,  and  the  gradient  from  tip  to  base  will  explain 
the  direction  of  the  waves  that  empty  it.  In  the  stomach,  small  intes- 
tine and  colon,  as  far  as  we  have  studied  them,  the  gradient  of  latent 
period  agrees  quite  closely  with  the  gradients  of  rhythmicity,  catalase 
content  and  COi  production.    There  are  some  exceptions,  however.    In 
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the  intact  frog  the  cardia  is  much  more  irritable  than  the  antrum  but 
when  strips  are  excised  the  cardia  is  less  sensitive  than  the  antrum  and 
its  latent  period  is  much  longer  (8).  It  seemed  pretty  clear,  from  • 
number  of  other  observations,  that  the  poor  reactions  obtained  with 
the  cardiac  strips  were  due  to  their  great  susceptibility  to  the  trauma  of 
excision.  The  muscle  in  the  antrum,  on  the  other  hand,  was  quite 
immune  to  trauma.  Similar  differences  have  been  observed  in  all  our 
work  with  segments  of  duodenum  and  ileum.  It  may  easily  be,  then, 
that  the  failure  of  the  latent  periods  to  follow  the  expected  gradient  is 
due  to  a  greater  susceptibility  to  trauma  at  the  tip,  where  the  waves 
take  their  origin.  It  may  be,  also,  that  the  powerful  reactions  of  strip 
3  are  due  to  the  presence  of  a  stronger  and  more  efficient  muscle  at  this 
point,  where  the  large  bulk  of  the  contents  demands  it. 

The  observations  recorded  at  this  time  bring  added  support  to  the 
thesis  proposed  in  the  previous  paper:  that  the  peculiarities  of  function 
in  the  different  parts  of  the  digestive  tract  and  the  direction  of  peris- 
talsis in  the  muscle  are  to  be  ascribed  to  local  peculiarities  in  the  muscle 
(and  probably  to  a  much  less  degree  to  peculiarities  in  the  nerve  net) 
in  the  different  regions.  The  low  irritability  of  the  cecum  may  be 
ascribed  partly  to  the  poor  development  of  Aucrhach's  plexus  in  this 
region.  Gerlach  (9)  has  shown  that  the  meshes  of  the  nerve  net  are 
very  large  as  compared  even  with  those  in  the  ileum.  The  individual 
muscle  fibers  may  thus  be  poorly  connected  one  with  the  other. 


Excised  strips  of  muscle  from  the  cecum  in  rabbits  and  guinea  pigs 
show  little  tendency  to  contract  rhythmically  in  oxygenated  Locke's 
solution.  The  records  obtained  are  different  from  those  traced  by  seg- 
ments of  small  or  large  intestine.  The  irritability  of  the  strips  is  low 
and  the  latent  periods  are  long.  The  low  catalase  content  of  the  muscle 
suggests  also  that  its  metabolism  is  sluggish.  These  peculiarities  prob- 
ably account  for  the  retention  of  food  in  this  organ  for  long  periods 
of  time. 

There  is  a  gradient  in  the  catalase  content  of  the  cecal  musculature 
from  tip  to  base.  This  gradient  probably  corresponds  to  a  meta- 
bolic gradient  which  determines  the  direction  of  peristalsis  when  wave* 
do  appear. 
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INTRODUCTION 

The  comparative  ease  with  which  fat  droplets  can  be  demonstrated 
in  the  tissues  by  means  of  the  various  specific  stains  has  greatly  facili- 
tated microscopical  examination  and  furnished  a  stimulus  for  histologi- 
cal investigation  along  this  line.  The  present  study  deals  with  the 
presence  of  these  droplets  or  granules  in  the  mucosa  and  in  the  gastric, 
intestinal  and  duodenal  glands  of  animals  after  feeding  had  been  sus- 
pended for  24  to  28  hours;  i.e.,  the  normal  fat  constituent,  independent 
of  fat  absorption. 

Many  interesting  investigations  have  been  made  from  time  to  time 
in  an  effort  to  trace  the  passage  of  the  fat  content  of  the  food  from  the 
lumen  of  the  gut,  through  the  mucosa  and  into  the  vessels  of  the  ali- 
mentary wall.  With  this  histological  picture  the  reader  is  doubtless 
familiar.  So  far  as  I  know,  however,  no  previous  investigator  has  in- 
terested himself  primarily  with  what  may  be  conveniently  termed  the 
normal  fat  droplets  contained  in  the  alimentary  tissues,  although  refer- 
ence has  been  made  to  these  or  similar  l>odies  by  a  number  of  authors. 

Eimer  ('07),  in  considering  the  phenomenon  of  fat  absorption  in  the 
small  intestine,  reported  that  in  some  animals  one  may  find  individual 
droplets  in  the  cylindrical  cells  several  days  after  fat  absorption  has 
taken  place.     He  used  Schultze's  iodine  serum  for  isolating  them. 

(Ireene  and  Skaer  ('13)  in  their  histological  studies  of  fat  absorption 
in  the  mammalian  stomach,  made  the  following  observations:  (1)  Traces 
of  fat  were  found  in  animals  that  had  l>een  kept  without  food  for  20  to 
24  hours,  the  droplets  lieing  located  usually  at  the  basal  portion  of  the 
superficial  cells  of  the  mucosa.  (2)  In  puppies  and  kittens  that  bad 
not  been  fed  th-  tissues  of  the  stomach  showed  the  presence  of  granules, 
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extremely  small  but  possessing  the  characteristics  of  fat  granules  both 
in  appearance  and  distribution.  (3)  It  was  difficult  to  cause  the  entire 
disappearance  of  fat  from  the  gastric  gland-cells  by  prolonged  fasting 
and  occasionally,  after  moderate  to  long  fasting,  the  quantity  of  fat  in 
these  cells  was  even  increased.  This  phenomenon  they  attributed  to 
mobilization  of  body  fat.  (4)  There  was  a  disappearance  of  fat 
from  the  cells  during  the  early  stages  of  fat  absorption,  which  was 
thought  to  be  due  to  an  increased  production  of  lipase  with  resulting 
hydrolization  and  solution  of  the  fat  droplets.  In  this  condition  the 
fat  content  was  not  demonstrable  by  the  staining  methods  used.  These 
investigators  made  their  observations  from  frozen  sections  of  material 
that  had  been  fixed  in  10  per  cent  formalin  and  stained  with  an  alco- 
holic-alkaline solution  of  scarlet  red. 

Mendel  and  Baumann  ('15),  in  considering  the  question  of  fat  ab- 
sorption from  the  mammalian  stomach,  resorted  to  histological  methods 
as  a  check  upon  physiological  experiments.  Cats  and  dogs  were  experi- 
mented with  and  pieces  selected  from  the  pyloric  and  fundic  regions  of 
the  stomach,  fixed  in  Fleming's  solution  and  stained  with  haematoxylin ; 
or,  in  a  few  instances,  pieces  were  fixed  in  formalin  and  frozen  sections 
were  made  and  stained  with  Sudan  III.  In  these  experiments  there 
was  surgical  interference.  The  authors  found  few  or  no  fat  globules  in 
the  mucosa  of  animals  that  had  been  starved  for  24  hours.  Moreover, 
in  a  considerable  number  of  sections  practically  no  more  fat  was  demon- 
strated in  fed  animals  than  in  controls,  and  even  when  pieces  of  the 
stomach  had  been  selected  from  regions  most  favorable  for  the  absorp- 
tion of  fat,  sections  practically  devoid  of  fat  were  obtained.  The  dis- 
tribution was  not  uniform. 

Very  interesting  findings  have  been  reported  by  Gay  and  Southard, 
('07)  who  studied  the  phenomenon  of  anaphylaxis  in  guinea  pigs.  In 
seeking  pathological  lesions  they  observed  a  striking  picture  of  fatty 
change  in  the  walls  of  the  stomach.  They  examined  material  fixed 
with  formaldehyde  after  the  Marchi  method,  supplementing  it  to  a 
limited  extent  by  examination  of  fresh  tissue  in  glacial  acetic  acid  and 
by  examination  with  Scharlach  R.  In  the  majority  of  the  cases  the 
animals  died  within  an  hour  after  receiving  the  second  dose  of  serum. 
The  authors  assert  that  there  is  no  reason  to  believe  that  fat  is  normally 
present  in  the  gastric  mucosa  and  that  the  results  of  their  own  investi- 
gations indicate  that  in  the  guinea  pig  the  stomach  under  normal  condi- 
tions is  free  from  fat.  Moreover  the  anaphylactic  method  failed  to  dis- 
close the  presence  of  fat  in  the  stomach  wall.    The  toxic  material, 
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however,  showed  characteristic  fatty  changes  in  various  foci  while 
adjacent  areas  of  tissue  contained  no  fat  whatever.  The  controls  and 
anaphylactic  stomachs  were  negative  for  fat  by  the  Marchi  method. 
The  focality  of  the  lesions,  the  associated  congestion  and  at  times  the 
erosion  of  the  surface,  were  considered  to  be  wholly  convincing  evidence 
of  the  pathological  character  of  the  fat  shown.  Gross  hemorrhagic 
lesions  of  the  stomach  were  found  in  a  majority  of  the  cases  and  were 
always  associated  with  fat  in  the  gastric  epithelium  and  in  the  endo- 
thelium of  the  neighboring  vessels.  The  authors  were  inclined  to  re- 
gard the  hemorrhages  as  dependent  upon  rupture  of  vessels  weakened  by 
fatty  change,  and  the  fat  of  the  gastric  epithelium  as  often  of  independ- 
ent origin  and  not  necessarily  associated  with  vascular  lesions.  The  fat 
pictures  are  illustrated  by  plates. 

EXPERIMENTAL   PROCEDURE 

From  a  number  of  cats  experimented  with  six  were  chosen  from  which 
the  observations  embodied  herein  were  made.  The  records  kept  of 
these  animals  are  more  complete  than  in  my  earlier  experiments  and 
some  of  the  more  obvious  technical  errors  have  been  avoided.  All  of 
the  animals  were  full  grown,  apparently  in  good,  healthy  condition, 
and  the  weights  of  five  of  them  ranged  from  3  to  Oj  pounds.  All  were 
starved  for  24  to  28  hours  before  death.  Three  of  the  animals  were 
killed  by  chloroform,  two  by  a  blow  on  the  head  and  one  by  gas.  Au- 
topsies were  performed  immediately  and  the  contents  of  the  alimentary 
tract  examined.  The  lacteals  were  grossly  inspected  in  two  of  the 
cases.  As  quickly  as  possible  portions  from  the  walls  of  the  stomach, 
duodenum  and  lower  part  of  the  small  intestine  were  removed  from 
each  of  the  animals  and  placed  in  the  fixing  fluid.  The  portion  of  the 
stomach  wall  was  selected  from  a  segment  between  2  and  3  cm.  or  2 
and  5  cm.  above  the  pylorus.  The  portion  taken  from  the  wall  of  the 
duodenum  comprised  the  segment  extending  from  the  pylorus  to  a  point 
2  or  3  cm.  below  the  pyloric  valve.  In  the  later  experiments  the 
section  taken  from  the  lower  part  of  the  small  intestine  occupied  the 
segment  between  32  and  30  cm.  above  the  valve  of  the  colon. 

These  pieces,  taken  from  the  various  divisions  of  the  alimentary 
tract,  were  fixed  in  20  per  cent  formalin.'  Four  hours  were  found  to  be 
sufficient  for  fixation  but  for  the  sake  of  convenience  this  period  in  some 

1  Thr  formnlin  wnx  fn-ntily  rliiiillfil  and  diluted  with  normal  Mil  solution  to 
make  up  the  required  strength.     (Mann,  U.!  Physiological  histology,  1803,  88). 
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instances  was  extended.  The  shortest  possible  time,  however,  is  pref- 
erable (Bullard,  '  12— '13) .  After  the  tissues  were  taken  from  the  fixing 
fluid  they  were  washed  thoroughly  to  remove  the  formalin.  Frozen 
sections  were  made  with  the  freezing  microtome  set  at  5-15u.  The 
sections  from  each  division  of  the  digestive  tract  were  divided  into  two 
groups.  Those  of  one  group  were  passed  through  the  grades  of  alcohol 
(30,  50,  60,  70, 80,  90,  95  per  cent)  into  absolute  alcohol  or  chloroform. 
Here  they  were  permitted  to  remain  until  all  the  soluble  lipoids  were 
removed.  These  were  used  as  a  control  for  the  other  specimens.  The 
sections  in  the  other  group,  which  were  not  treated  with  absolute  alcohol, 
were  passed  through  30,  40  and  60  per  cent  alcohol  and  then  stained 
with  a  mixed  alcoholic-alkaline  solution  of  Scharlach  R  and  Sudan 
III.* 

The  staining  was  done  in  covered  vessels.  The  granules  were  found 
to  be  satisfactorily  colored  after  the  sections  had  been  in  the  stain  for 
5  to  10  minutes.  Precaution  was  taken  to  hurry  the  washing  and  hy- 
drating  process  by  running  the  sections  quickly  through  50,  60  and  30 
per  cent  alcohol  into  distilled  water,  in  order  to  avoid  any  destaining 
effect  that  the  alcohols  may  have  upon  the  fat  droplets.  It  seems  best 
not  to  allow  the  sections  to  remain  in  the  60  and  50  per  cent  alcohols 
longer  than  5  to  10  seconds,  while  in  the  30  per  cent  alcohol  a  much 
longer  time  may  be  taken  without  harm.  After  being  removed  from 
the  distilled  water  the  sections  were  lightly  counterstained  with  Er- 
lich's  hematoxylin.  The  mounting  was  done  in  either  glycerine  or 
sugar.1  The  sections  that  had  been  treated  with  absolute  alcohol  were 
first  hydrated  to  60  per  cent  alcohol  and  then  stained  in  a  similar  man- 
ner. Photomicrographs  were  made  from  selected  sections,  a  green 
filter  being  used.  The  thickness  of  the  sections  made  the  necessary 
focusing  very  difficult. 

Gross  findings.  The  autopsies,  which  were  done  immediately  after 
death,  showed  in  each  case  that  the  stomach  and  small  intestine  were 
empty  and  collapsed  while  the  large  bowel  was  engorged  with  fecal 
matter  which  at  times  crumbled  when  removed.    In  the  duodenal 

■  This  stain  is  composed  of  the  folllwing  ingredients:  Scharlach  R,  \  gram, 
Sudan  III,  i  gram,  sodium  hydroxide,  2  grams,  alcohol  70  per  cent,  100  cc.  (sug- 
gested by  Dr.  H.  H.  Bullard). 

1  The  solution  of  sugar  in  which  the  specimens  were  mounted  was  prepared 
as  follows :  70  cc.  of  distilled  water,  15  cc.  of  a  saturated  solution  of  glucose  and 
5  cc.  of  glycerine  were  mixed  together.  Then  5  cc.  of  spirits  of  camphor  were 
added  and  the  mixture  filtered. 
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portion  of  the  gut  bile-colored  mucus  could  be  observed  and  a  trace 
of  perhaps  indigestible  matter  was  encountered  in  the  small  intestine. 
There  were  no  evidences  of  fat  absorption  when  the  Uc  teals  were 
inspected. 

Microscopical  findings.  Microscopical  examination  of  sections  from 
the  various  divisions  of  the  alimentary  tract  disclosed  three  types  of  red 
objects:  (1)  Stained  fat  globules  of  the  submucosal  (2)  precipitate;  (3) 
colored  fat  droplets  of  the  mucosa,  and  of  the  gastric,  intestinal  and 
duodenal  glandB. 

1.  Fat  globules  of  the  subraucosa:  It  is  not  possible  to  confuse  the 
familiar  picture  of  fat  globules  normally  present  in  the  Bubmucosa  with 
the  two  other  types  of  stained  objects.  Apart  from  their  large  «se 
and  globular  form,  their  location  in  the  submucosa  would  identify 
them. 

2.  Precipitate:  Carrying  out  the  directions  for  staining  the  fat 
constituents  of  the  tissue  resulted  in  the  production  of  a  precipitate. 
This  might  easily  have  been  avoided  had  the  stained  sections  been 
washed  more  thoroughly  in  60  per  cent  alcohol.  However,  this  was 
deemed  unwise  because  of  the  risk  necessarily  involved  in  subjecting 
the  fat  granules  to  the  destaining  action  of  the  alcohol.  Fortunately, 
the  precipitate  possesses  certain  characteristics  that  make  its  differen- 
tiation from  the  fat  droplets  not  only  possible  but  usually  quite  easy. 
Three  chief  points  should  be  borne  in  mind:  (1)  The  precipitated  par- 
ticles have  no  definite  distribution  while  the  fat  granules  have;  (2) 
the  precipitate  may  be  observed  on  both  surfaces  of  a  section  when  the 
microscope  is  focussed  at  these  two  levels,  which  is  not  true  of  the  fat 
granules;  (3)  it  can  be  distinguished  from  fat  granules  by  its  sise  and 
form.  Rod-  and  needle-shaped  bodies  arc  sometimes  abundant  and 
when  once  noted  are  readily  distinguishable  thereafter.  Unfortu- 
nately however,  these  precipitate  bodies  vary  in  size  and  shape,  assum- 
ing forms  that  may  be  confused  with  the  fat  granules  in  the  tissues. 
In  these  studies  such  confusion  was  obviated  by  always  examining  two 
series  of  sections.  It  will  be  recalled  that  one  series  was  treated  with 
absolute  alcohol  while  the  other,  from  the  same  divisions  of  the  diges- 
tive tract,  was  not  subjected  to  this  treatment.  This  was  done  in  or- 
der that  a  more  definite  differentiation  between  the  precipitate  and  the 
fat  granules  might  be  made.  In  the  sections  treated  with  absolute 
alcohol  it  was  possible  to  dissolve  out  the  fat  granules  and  thus  destroy 
the  fat  picture.  Therefore,  since  all  the  sections  received  the  same 
treatment  it  was  possible  to  examine  the  two  corresponding  series — 
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one  containing  fat  granules  and  precipitate,  the  other,  only  precipitate. 
This  afforded  a  means  of  comparison  and  was  always  done  in  instances 
where  there  could  be  any  doubt.  After  a  little  experience  with  the 
precipitate  the  confusion  at  first  encountered  was  practically  nil. 
Aside  from  distinguishing  it  from  the  fat  droplets,  the  precipitate  was, 
of  course,  of  no  interest. 

3.  Pat  droplets  of  the  mucous  lining,  and  of  the  gastric,  intestinal 
and  duodenal  glands:  Whereas  a  large  proportion  of  the  precipitated 


Fig.  1.  A  photomicrograph  of  a  frozen  section  of  the  stomach  of  a  cat,  stained 
with  a  mixture  of  Scharlach  R  and  Sudan  III.  The  droplets  of  stained  fat  show 
as  dark  spots  in  the  bases  of  the  epithelial  cells  over  the  surface.  Note  that  they 
are  absent  from  the  cells  of  the  depth  of  the  foveolae.  The  dark  needles  are 
crystals  of  the  stain.  The  cat  was  starved  for  24  hours  and  killed  with  chloro- 
form.    X  about  293. 

particles  are  rod-shaped,  the  normal  fat  in  the  mucosa  and  adjoining 
glands  appears  in  the  form  of  more  or  less  spherical  droplets.  These 
vary  considerably  in  size  and  are  seen  collectively  only  when  examined 
with  the  low  power  of  the  ordinary  laboratory  microscope.  A  concep- 
tion of  their  size  in  comparison  with  that  of  the  cells  in  which  they  are 
found,  as  well  as  their  abundance  in  these  cells,  may  be  obtained  by 
referring  to  the  photomicrographs,  which  were  made  from  the  various 
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divisions  of  the  alimentary  tract  (see  figs.  1  to  C>).  The  amount  of  fat 
varied  considerably  in  the  different  animals.  In  some  unexpectedly 
large  quantities  were  present  while  in  others  the  amount  was  only  mod- 
erate. In  one  instance  only  a  trace  of  fat  was  found.  In  general  the 
largest  amount  was  observed  in  the  duodenum  or  small  intestine.  By 
the  method  employed  the  fat  granules  were,  of  course,  stained  red  and 
when  the  microscope  was  focussed  carefully  their  centers  became  some- 
what yellow.     There  were  no  marked  differences  in  the  color  of  the 


*  Fir.  2.  A  photomicrograph  <i(  ii  Mcclion  of  (lie  *tom:u-h  of  a  rut  nhowing  drop- 
let* of  fat  in  the  ilrt'iKT  portion*  or  dlndiH  of  (hi-  giiiirir  gluml*.  The  rut  >u 
atarvFit  shunt  37  hour*  ami  killed  by  a  lilmr  on  the  Ih-uiI.      X  about  Stt. 

droplets  in  different  divisions  of  ihe  alimentary  tract.  The  fat  granules 
were  extracted  from  those  sections  that  had  been  treated  with  absolute 
alcohol. 

Fat  droplets  were  present  in  the  gastric  mucosa  of  all  the  animals, 
the  quantity  varying  from  a  relatively  large  amount  to  a  men1  trace. 
These  granules  were  found  in  the  epithelial  cells  bordering  the  mouths 
of  the  gastric  fovcolnc  itig.  1).  In  one  of  the  animals  the  fat  was  dem- 
onstrate! more  or  less  continuously  throughout   these  cells  while  in 
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others  it  occupied  groups  of  cells.  This  focal  arrangement  recalls  the 
findings  of  Gay  and  Southard  ('07)  referred  to  above.  Inthesurface 
cells  themselves  the  granules  may  appear  on  both  sides  of  the  nuclear 
zone  and  one  is  at  a  loss  at  times  to  determine  whether  or  not  they  ex- 
tend into  the  tunica  propria  or  stroma  of  the  mucosa.    They  have  a 


Pig.  3.  A  photomicrograph  of  a  section  of  the  duodenum  of  a  cat  showing  drop- 
lets of  fat  in  the  bases  of  the  villi  and  the  upper  portion  of  the  intestinal  glands. 
The  cat  was  starved  23  hours  and  killed  with  chloroform.     X  about  293. 

tendency  to  arrange  themselves  like  a  string  of  beads  along  the  long 
axis  of  the  cells.  They  do  not  appear  in  the  outer  portion  of  the  cell 
facing  the  lumen  of  the  stomach  but  occupy  the  basal  two-thirds.  The 
nuclear  zone  itself  is  comparatively  free  from  them.  Similar  fat  drop- 
lets are  also  present  in  the  fundic  or  basal  region  of  the  gastric  glands, 
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where  they  vary  in  quantity  from  large  numbers  to  a  doubtful  presence. 
Figure  2  ia  a  photomicrograph  of  a  section  from  the  stomach  in  which 
an  unusually  large  amount  of  fat  was  demonstrated.  Along  the  pita, 
neck  and  tubules  of  the  gastric  glands  very  few  granules  were  seen  and 
in  a  number  of  cases  it  was  very  doubtful  if  any  were  present.  In  the 
sections  that  showed  the  granules  best  they  had  a  tendency  to  crowd 
about  the  base  of  the  cells  and  appeared  to  l>e  very  similar  to  those  in 
the  lx>rder  cells,  except  perhaps  that  their  diameters  were  greater. 


Fig.  4.  A  |>h(itr)niicniRr!i|>t]  of  n  wed  ion  of  the  duodenum  of  a  nil  showing  drop- 
li-tn  of  fat  in  the  depthx  of  t  lie  intent  in  nl  Rlund*.  The  nil  wan  Hlarved  27  noun 
and  killed  by  a  blow  on  the  head-      X  about  LIB. 

Obviously,  I  can  agree  with  Greene  and  Skaer  ("13)  as  to  the  pres- 
ence of  these  droplets  in  the  stomach  mucosa  and  the  gastric  glands. 
The  failure  of  (Jay  and  Southard  to  demonstrate  fat  in  the  gastric 
mucosa  of  normal  animals  may  have  been  due  to  the  staining  method 
employed,  or  it  may  lie  that  the  gastric  mucosa  of  the  guinea  pig  does 
not  present  a  fat  picture.  Certainly  then-  can  1m-  no  doubt  about  the 
Occurrence  uf  fat  droplets  in  the  gastrie  mucosa  of  eats. 

In  all  of  the  animals  fat  droplets  were  demonstrated  also  in  sections 
from  the  duodenal  wall.     As  in  the   gastric   mucosa,  the  quantity 
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varied  but  the  fat  picture  was  at  times  striking-  Usually  the  droplets 
were  absent  from  the  cells  of  the  mucosa  located  along  the  free  ends  of 
the  villi,  while  in  those  located  at  the  base  of  the  villi  they  were  easily 
demonstrable.  Along  the  intestinal  glands  the  granules  were  very 
abundant  and  extended  from  the  mouths  of  the  glands  into  their 


Fig.  5.  A  photomicrograph  of  a  section  of  the  duodenum  of  a  cat  showing  drop- 
lets of  fat  in  Brunner's  glands.  The  cat  was  starved  27  hours  and  killed  by  a  blow 
on  the  head.     X  about  293. 

fundic  region.  Similarly,  the  granules  were  found  in  the  duodenal  or 
Brunner's  gland.  Here  the  amount  varies  greatly.  In  some  cases  the 
droplets  could  not  be  demonstrated  while  in  others  they  appeared  in 
great  numbers,  giving  the  glands  a  brilliant  red  color  (fig.  5).  At  the 
base  of  the  villi,  in  chosen  sections  that  demonstrated  them  well,  the 
fat  droplets  were  located  definitely  at  the  basal  portion  of  the  cells  (fig. 
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3),  It  was  difficult  to  locate  them  accurately  in  the  eclb  of  the  intesti- 
nal glands,  on  account  of  the  thickness  of  the  frozen  sections  and  the 
swollen  condition  of  the  glands  due  to  the  starvation  of  the  animal  (figs. 
3  and  4).  In  the  duodenal  glands  of  one  of  the  animals  the  cells  were 
crowded  with  these  fat  droplets,  which  were  larger  than  the  granules 
found  elsewhere  in  the  alimentary  tract  and  any  accurate  description 
of  their  distribution  was  impossible.  The  quantity  of  fat  in  the  cells 
at  the  base  of  the  villi  as  well  as  in  those  of  the  intestinal  glands  was 


Fin.  6-  A  photomicrograph  of  a  wet  inn  of  the  imall  intestine  of  n  cat  Miowinj 
dropleta  or  (at  in  the  lower  portion  of  a  villus.  The  cat  wax  starved  28  hour* 
and  killed  with  chloroform.     X  about  293. 

found  to  be  approximately  equal  throughout  sections  from  the  same 
animal. 

Fat  droplets  were  present  in  all  sections  of  the  small  intestine  in 
every  one  of  the  animals  examined,  with  the  possible  exception  t»f  one 
that  had  been  killed  by  a  blow  on  the  head.  In  another  that  had  met 
death  in  a  similar  manner  there  were  present  a  large  number  of  the 
granules.  This  is  another  example  of  the  variability  of  the  fat  in  these 
animals.  In  the  lower  part  of  the  small  intestines  the  granules  were 
abundant  along  the  tubules  of  the  glands.     As  in  the  duodenum,  the 
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droplets  showed  a  tendency  to  disappear  from  the  cells  of  the  mucosa 
as  the  free  ends  of  the  villi  were  approached,  but  were  very  prominent 
at  their  base  (fig.  6).  Here,  for  the  most  part,  they  occupied  the  basal 
portion  of  the  cells  and  toward  the  free  margin  were  few  in  number. 
Due  to  the  thickness  of  the  sections,  I  was  unable  to  decide  definitely 
whether  the  droplets  were  confined  solely  to  the  simple  columnar  epi- 
thelial cells  or  were  present  in  both  these  and  the  goblet  cells.  It  is 
very  difficult  to  describe  their  distribution  in  the  tubules  of  the  glands. 
They  appear  to  be  more  or  less  evenly  distributed  but  are  not  uniform 
in  size.  In  general  the  picture  here  is  very  similar  to  that  described 
for  the  duodenal  area.  In  the  stroma  of  the  villi,  beneath  the  mucosa, 
similar  droplets  may  be  present.  In  the  stroma  between  the  tubules 
of  the  intestinal  glands  there  appeared  to  be  very  few. 

In  seeking  an  explanation  for  the  presence  of  the  fat  droplets  several 
possibilities  are  to  be  taken  into  consideration.  The  fat  picture  may 
be  due  to  any  one  of  the  following  causes:  (1)  To  fat  in  process  of  ab- 
sorption ;  (2)  to  the  mobilization  of  fat ;  (3)  to  injury  to  the  cells ;  (4)  to 
technical  errors  (a  pseudo-fat  picture) ;  (5)  to  the  normal  fat  constituent 
of  the  cells. 

1.  Are  we  dealing  with  a  fat  picture  which  is  the  result  of  fat  absorp- 
tion? There  are  several  counter-indications  to  this  possibility:  a, 
These  animals  were  starved  from  24  to  28  hours;  6,  there  were  negative 
indications  of  any  fat-absorbing  phenomenon  in  progress  at  the  time 
of  autopsy;  c,  it  would  be  difficult  to  explain  by  this  hypothesis  the 
presence  of  fat  droplets  in  Brunner's  glands. 

2.  Regarding  the  mobilization  of  fat  Greene  and  Skaer,  '13,  state: 

(n  the  early  st apes  of  fasting  the  labile  substances,  namely,  the  carboyd rates, 
are  quickly  used  for  the  production  of  energy.  A  little  later  the  fats  or  the  adi- 
pose tissues  and  other  more  fixed  substances  are  drawn  upon.  In  this  later  stage 
the  lipase -producing  tissues  are  doubtless  strongly  stimulated  to  increased  activ- 
ity for  the  accomplishment  of  the  transportation  of  fats.  Lipase  was  proven  by 
Lovenhart  to  be  a  normal  content  of  a  large  number  of  tissues  of  which  certain 
glandular  tissues  are  particularly  mentioned  by  him.  To  these  tissues  ought  to 
be  added  the  gastric  glands  which  are  lipase  producers.  If  one  assumes  that  an 
excessive  production  of  lipase  takes  place  in  these  glands  at  the  time  during  fast- 
ing when  the  fats  are  being  dissolved  from  the  storage  tissues,  and  are  present  in 
a  relatively  high  per  cent  in  the  circulating  fluids,  it  follows  that  there  will  be 
an  increased  synthesis  of  fat  in  the  lipoid  producing  tissues  themselves. 

The  presence  of  fat  droplets  in  the  cells  may  be  accounted  for  thus  in 
some  cases  but  in  the  present  studies,  in  view  of  the  short  period  during 
which  the  animals  were  kept  without  food,  it  is  quite  improbable  that 


d  by  Google 


582  william  a.  Mcintosh 

they  had  reached  the  static  of  starvation  at  which  fat  is  being  mobilized, 
as  outlined  in  the  above  quotation.  They  were  starved  24  to  28  hours, 
probably  not  an  uncommon  occurrence  for  a  cat. 

3.  A  normal  amount  of  fat  may  be  brought  to  any  cell  but  because 
of  some  injury  to  the  ceil  itself  this  fat  may  not  be  consumed  in  the 
normal  way  and  may  collect  within  its  borders.  Such  injuries  may  be 
toxic  or  circulatory.  In  this  instance,  however,  such  an  explanation 
seems  quite  unsatisfactory.  Considering  the  swiftness  with  which  the 
animals  were  killed,  it  is  highly  improbable  that  we  are  dealing  with 
impaired  cellular  consumption  of  fats.  Furthermore,  it  is  known  that 
lipoids  exist  in  invisible  form  within  the  cells.  Injury  to  the  cell  may 
result  in  disintegrating  these  lipoids  and  bringing  them  into  visible 
evidence.  In  this  way  a  fat  picture  may  be  produced.  The  question 
arises,  therefore,  has  any  factor  been  introduced  into  these  experiments 
that  might  result  in  the  disintegration  of  the  lipoids  in  the  tissues? 
This  point  should  be  carefully  considered,  in  view  of  the  findings  of  t'.ay 
and  Souhard  ('07). 

For  a  time  it  was  believed  that  the  fat  picture  might  be  accounted 
for  by  the  assumption  that  the  chloroform  used  to  kill  the  animal*  had 
acted  thus  on  the  tissue.  For  this  reason  other  animals  were  killed 
with  gas  and  by  blows  on  the  head.  Since  these  methods  did  not  alter 
the  picture  to  any  marked  degree,  such  an  explanation  would  t>e  faulty 
and  questionable. 

4.  As  stated  before,  in  the  staining  method  used  in  these  investiga- 
tions there  resulted  a  red  precipitation.  The  reason  why  no  attempt 
was  made  to  avoid  this  has  already  been  explained.  At  first  glance  it 
may  appear  that  these  precipitated  particles  may  have  l>een  mistaken 
for  fat  droplets.  To  safeguard  against  such  an  error  a  careful  study 
was  made  of  the  precipitate,  and  moreover  all  observations  were  checked 
by  examining  fat-free  sections  with  fat-containg  sections. 

5.  It  is  possible  to  think  of  the  cells  as  passing  normally  through  a 
definite  cycle  of  functional  activity,  at  certain  periods  of  which  their 
lipoid  constituents  can  be  demonstrated  by  histological  methods  while 
at  others  this  is  not  possible.  This  hypothesis  would  no  doubt  account 
in  a  more  satisfactory  manner  for  the  foregoing  observations  than  any 
of  the  other  possibilities  here  considered.  In  those  cases  in  which  the 
fat  content  was  abundantly  demonstrated  we  were  dealing,  according 
te-  this  reason,  with  the  period  of  the  cell's  activity  when  the  lipoid  ele- 
ment was  most  susceptible  for  histological  demonstration.  Again,  those 
cases  in  which  very  few  or  no  granules  were  found  represented  a  period 
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in  the  cycle  during  which  the  fat  or  lipoid  elements  were  less  susceptible. 
In  this  way  the  variability  in  the  quantity  of  the  fat  in  the  different 
animals  may  be  explained.  Moreover,  the  presence  of  fat  in  such 
structures  as  Brunner's  glands  would  in  no  way  conflict  with  this  hy- 
pothesis, and  the  observations  of  Greene  and  Skaer  ('13)  lend  support 
to  this  suggestion.  In  their  animals  they  found  that  the  fat  content 
in  the  stomach  disappeared  during  the  early  stages  of  fat  absorption. 
This  observation  would  strongly  indicate  that  these  cells  may  actually 
possess  such  a  cycle  of  activity. 


In  this  paper  there  has  been  outlined  a  histological  method  by  which 
the  fat  content  of  the  mucosa  and  adjoining  glands  may  be  satisfac- 
torily demonstrated  in  moderately  starved  animals.  The  appearance 
of  the  fat  content  of  these  tissues — namely,  the  superficial  epithelium  of 
the  stomach  and  gastric,  duodenal  and  intestinal  glands — has  been  de- 
scribed, due  consideration  being  given  to  the  size,  shape,  location  and 
quantity  of  the  droplets. 

Of  various  hypotheses  the  following  one  has  seemed  to  ofFer  the  most 
satisfactory  explanation  for  the  observations  noted  herein;  i.e.,  that 
normally  there  is  fat  in  the  epithelial  cells  of  the  stomach  and  intestine 
which  is  not  associated  with  the  phenomenon  of  fat  absorption;  that 
this  normal  fat  varies,  however,  with  some  definite  cycle  of  functional 
activity  of  the  cells  themselves;  that  at  certain  periods  the  lipoids  are 
in  such  a  condition  that  they  can  be  demonstrated  by  histological  meth- 
ods while  at  others  they  are  not  demonstrable.  The  normal  presence 
of  these  lipoids  must  be  taken  into  account  in  estimating  experimental 
results. 
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The  effect  of  extirpation  of  the  duodenum  in  the  experimental  animal 
has  been  in  dispute  since  the  early  work  of  Minkowski  and  PflOger. 
In  1889  von  Mehring  and  Minkowski  (1)  demonstrated  that  complete 
removal  of  the  pancreas  in  the  dog  produced  a  fatal  diabetes.  Pflu- 
ger  (2)  found  that  in  the  frog  diabetes  followed  total  removal  of  the 
pancreas  but  that  also  a  more  severe  diabetes  followed  removal  of  the 
duodenum  or  section  of  the  peritoneum  between  the  pancreas  and  the 
duodenum.  A  great  deal  of  experimental  work  was  done  on  this 
duodenal-diabetes  hypothesis  before  it  was  finally  discarded. 

Ehrmann  (3)  found  that  complete  removal  of  the  duodenum  in  the 
dog  resulted  in  death  in  several  days  to  a  week,  with  acute  pancreatitis 
and  fat  necrosis.  Rene"  Lauwens  (4)  was  able  to  keep  a  dog  fourteen 
days  after  total  extirpation  of  the  duodenum.  Rosenberg  (5)  reported 
five  canes  of  duodenal  extirpation  in  the  dog,  one  of  the  dogs  being  still 
alive  twenty-three  days  after  the  operation.  Minkowski  (6)  kept  a 
dog  several  weeks  after  removal  of  the  duodenum  and  found  only  a 
temporary  glycosuria.  Bickel  (7)  also  reported  a  dog  living  four  and 
one-half  weeks  after  removal  of  the  duodenum.  Pfluger  (8)  criticised 
the  work  of  these  men,  claiming  that  in  their  experiments  not  all  of 
the  duodenum  was  removed.  S.  A.  Matthews  (0)  found  that  extirpa- 
tion of  the  first  six  inches  of  the  duodenum  was  invariably  fatal.  The 
dogH  displayed  no  serious  symptoms  for  twenty-four  to  thirty-six  hours 
but  very  shortly  thereafter  died.  If  a  piece  of  the  duodenal  mucosa 
wan  transplanted  into  the  intestine  lower  down  and  the  remaining 
duodenum  removed,  the  dogs  lived.  Death  always  followed  subsequent 
removal  of  the  transplant.  Thus  Mat  thews  claimed  that  the  duodenum 
is  an  necessary  for  life  as  (he  adrenals  or  parathyroids,  probably  through 
some  hormone  function  other  than  that  concerned  with  the  elalxtration 
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of  secretin.  A.  P.  Matthews  (10)  states  that  if  experiments  are  made 
bo  that  the  duodenal  juice  (succua  entericus)  is  drained  to  the  exterior 
through  a  fistula,  the  animals  die  with  apparently  the  symptoms  of 
complete  extirpation  of  the  duodenum.  He  suggests  that  death  may  be 
due  to  the  rapid  excretion  of  some  necessary  substance  through  the  duo- 
denum to  the  exterior,  or  to  the  loss  of  some  substance  normally  elabo- 
rated by  the  duodenum  which  is  necessary  to  the  function  of  the  intes- 
tine lower  down.  From  work  on  experimental  intestinal  obstruction 
Draper  (11)  has  come  to  the  conclusion  that  under  certain  pathological 
conditions  (obstruction)  the  cells  of  the  duodenal  mucosa  become  per- 
verted and  secrete  into  the  blood  stream  -a  powerful  toxin.  Whipple 
(12)  and  his  collaborators,  working  on  the  same  problem,  have  come  to 
somewhat  similar  conclusions.  Under  conditions  of  obstruction  the 
mucosa  of  the  duodenum  and  possibly  jejunum  secretes  a  toxin  of  a 
proteose  nature  both  into  the  lumen  of  the  intestine  and  into  the  gen- 
eral circulation.  The  experimental  results  published  by  Draper  and 
Whipple  have  led  clinical  men  to  attribute  certain  disorders  in  their 
patients  to  some  disturbance  in  this  function  of  the  duodenum.  Ka.na- 
vel  (13)  suggests  that  death,  in  rupture  of  the  duodenum,  is  due  not  to 
the  ensuing  peritonitis  but  to  the  absorption  of  some  toxin  from  the 
duodenal  mucous  membrane.  Bloodgood  (14)  thinks  that  death  in 
some  cases  of  duodenal  dilatation  likewise  may  be  due  tt>  some  dis- 
turbance of  this  internal  secreting  mechanism.  He  suggests  the  term 
"physiologic  death." 

In  their  experiments  Minkowski,  Pfluger  and  Bickel  were  intent 
mainly  on  severing  all  nervous  connections  between  the  pancreas  and 
duodenum.  Apparently  they  did  not  have  in  mind  a  specific  internal 
secreting  function  of  the  duodenum  and  so  may  not  have  taken  special 
care  to  remove  all  of  the  duodenal  mucosa.  According  to  S.  A.  Mat- 
thews, a  small  amount,  a  patch  of  mucosa  1.5  x  3  cm.,  suffices  for  life. 
Like  Pfluger,  Matthews  holds  that  previous  workers,  reporting  success- 
ful results,  did  not  remove  all  of  the  duodenum. 

The  question  of  a  specific  internal  secreting  function  of  the  duodenum, 
aside  from  the  mechanism  concerned  with  the  elaboration  of  secretin, 
of  such  a  nature  as  indicated  by  the  work  of  Matthews,  Draper  and 
Whipple,  is  of  great  practical  importance  as  well  as  biologic  interest. 
We  became  interested  in  the  question  during  the  course  of  some  work 
on  the  nature  of  the  toxemia  in  intestinal  obstruction  and  experiments 
of  the  following  nature  were  performed. 
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Extirpation  of  varying  lengths  of  the  intestine.  Removal  of  varying 
lengths  of  the  jejunum  and  ileum  produced  no  other  effect  than  some 
nutritional  disturbance  similar  to  that  described  by  Underbill  (IS)  in 
experiments  on  dogs  in  which  the  small  inteBtine  was  short  circuited 
(functionally  resected).  The  mucosa  of  the  combined  jejunum  and 
ileum  does  not  secrete  or  manufacture  a  necessary  substance  and 
animals  can  survive  for  months  after  the  removal  of  the  small  intestine, 
the  duodenum  and  colon  remaining  intact.  All  of  the  effects  can  be 
accounted  for  simply  as  due  to  the  loss  of  an  important  digestive  and 
absorptive  organ. 

Extirpation  of  the  duodenum.  Removal  of  the  duodenum  presents 
greater  surgical  difficulties.  Because  of  the  extreme  vascularity  of 
the  duodenum,  the  intimate  relation  to  the  liver,  stomach  and  pancreas 
many  animals  die  from  shock,  internal  hemorrhage  or  acute  pancre- 
atitis. There  is  always  a  profound  disturbance  of  the  functions  of  the 
liver,  stomach  and  pancreas.  The  duodenum  was  removed  from  six- 
teen  doga  and  their  behavior  carefully  observed.  In  each  case  the 
pyloric  part  of  the  stomach,  the  entire  duodenum  and  the  first  part  of 
the  jejunum  were  removed.  This  of  course  necessitated  a  dissection 
of  the  ligament  binding  the  lower  duodenum  and  upper  jejunum  in  or- 
der to  permit  the  reestabliahment  of  intestinal  continuity.  In  eleven 
of  the  dogs  the  operation  was  performed  in  two  stages.  At  the  first 
operation  the  pylorus  was  divided,  both  ends  closed  and  an  anterior 
gastroenterostomy  performed  with  the  middle  jejunum.  After  re- 
covery from  the  first  operation,  a  second  was  done  and  the  duodenum 
removed  as  far  as  the  gastroenterostomy.  The  bile  and  pancreatic  ducts 
were  tied  and  the  gall  bladder  drained,  in  some  cases  into  the  jejunum, 
in  others  to  the  exterior.  Most  of  these  dogs  died  in  two  or  three  days 
but  one  lived  twelve  days.  At  autopsy  there  was  usually  a  general 
abdominal  fat  necrosis  and  it  is  our  opinion  that  this,  combined  with 
the  unavoidable  injury  to  the  pancreas  in  separating  it  from  the  duode- 
num, is  the  cause  of  death  in  these  cases.  The  remainder  of  the  dogs 
were  operated  in  the  following  manner.  The  common  bile  duct  was 
ligated  and  cut,  the  pylorus  divided,  the  pancreas  opposite  the  pylorus 
ligated  and  divided  with  a  cautery  and  the  entire  duodenum  with  the 
adherent  pancreas  as  well  as  the  upper  jejunum  removed.  Enough  of 
the  pancreas  was  left  to  prevent  the  onset  of  diabetes.  As  evidenced 
by  the  poet-operative  course  of  these  animals  and  by  subsequent  post 
mortem  examination,  there  was  less  danger  of  producing  pancreatitis 
with  this  operation  than  when  the  pancreas  was  separated  from  the 
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duodenum.  The  middle  jejunum  was  sutured  to  the  divided  pylorus 
arid  the  gall  bladder  drained.  The  operation  was  completed  art  one 
stage  and  thia  proved  to  be  a  great  advantage  over  the  two-stage  opera- 
tion because  of  the  extensive  adhesions  in  the  latter  case.  There  was 
less  gastric  disturbance  when  the  jejunum  was  sutured  directly  to  the 
cut  pylorus  than  when  a  gastroenterostomy  was  done.  All  of  the  dogs 
were  given  glucose  dissolved  in  Ringer's  solution  hypodermic  ally  daily 
for  the  first  week.  Most  of  these  animals  recovered  from  the  immedi- 
ate effects  of  the  operation,  displayed  no  untoward  symptoms  for  five  or 
six  days  but  very  shortly  thereafter  died.  One  of  the  dogs  lived  three 
weeks  and  one  three  months  after  the  complete  extirpation  of  the 
duodenum.  Confirming  the  observations  of  Minkowski,  these  dogs 
showed  only  a  temporary  post-operative  glycosuria  and  soon  became 
sugar-free,  remaining  so  tilt  death. 

The  dog  that  survived  three  months  showed,  naturally,  a  very  marked 
nutritional  disturbance  and  it  was  only  by  careful  feeding  and  atten- 
tion that  it  was  kept  living  for  that  period.  There  was  a  constant  loss 
of  body  weight  in  spite  of  a  liberal  diet  of  lean  meat  and  sugar.  That 
there  was  an  incomplete  digestion  of  the  food  fed  was  evident  from  the 
almost  constant  appearance  of  undigested  meat  in  the  feces.  It  was 
soon  apparent  that  the  animal  was  starving  in  Bpite  of  efforts  to  main- 
tain nutrition.  Apparently  the  gastric  juice  alone,  in  the  absence  of 
bile,  pancreatic  and  duodenal  juice,  does  not  suffice  for  the  utilization 
of  proteins.  It  is  probable  that  the  animal  could  have  been  preserved 
indefinitely  in  nitrogen  equilibrium  if  a  sufficient  amount  of  protein  in 
the  form  of  peptones  or  amino  acids  had  been  supplied,  along  with 
sufficient  carbohydrates  for  energy  purposes.  The  symptoms  produced 
in  this  dog  by  the  complete  extirpation  of  the  duodenum  are  in  all  prob- 
ability due  simply  to  the  disturbance  in  digestion.  The  duodenum  or 
duodenal  mucosa  is  not  itself  essential  for  life  and  is  certainly  not  com- 
parable to  the  adrenals  or  parathyroids  in  this  respect.  These  experi- 
ments also  establish  the  fact  that  the  duodenum  does  not  supply  a 
substance  which  is  necessary  to  the  function  of  the  intestine  lower 
down.  Intestinal  motility  was  normal,  or  if  anything  exaggerated, 
after  the  removal  of  the  duodenum. 

The  question  of  the  toxicity  of  normal  intestinal  juice.  Some  workers 
(Draper)  have  concluded  on  the  basis  of  animal  experiments  that  the 
secretion  of  the  duodenum  and  upper  jejunum  is  toxic  but  that  it  is 
normally  neutralized  by  the  secretions  of  the  intestinal  mucosa  lower 
down.    One  of  .us  during  the  course  of  some  experiments  on  the  toxemia 
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of  intestinal  obstruction  found  that  dogs  could  survive  open  isolated 
loops  of  the  dodenuro  or  jejunum  in  which  the  respective  secretions  are 
poured  drectly  into  the  abdominal  cavity  and  absorbed.  These  dogs 
displayed  no  toxic  symptoms.  In  a  recent  communication  Davis  and 
Stone  have  verified  our  contention  that  the  aureus  entcricus  is  not 
toxic  when  secreted.  They  found  that  the  fresh  secretion  produced  no 
untoward  symptoms  when  injected  intravenously  in  dogs. 

The  question  of  the  toxicity  of  intestinal  juice  under  pathological  condi- 
tions. Whipple  and  his  coworkers  have  concluded  that  under  certain 
pathological  conditions  (obstruction,  closed  intestinal  loops)  the  mucosa 
of  the  duodenum  and  jejunum  assumes  a  perverted  function  and  se- 
cretes a  toxic  proteose  both  into  the  lumen  of  the  intestine  and  into 
the  blood  stream.  When  BUch  pathological  conditions  are  produced  in 
the  experimental  animal  there  is  no  doubt  that  poisons  accumulate  in 
the  obstructed  intestine  or  in  closed  intestinal  loops  and  that  the  dog 
shows  symptoms  of  marked  toxemia.  In  the  experiments  reported  it 
seemed  entirely  possible  that  the  toxic  substances  could  be  the  products 
of  bacterial  activity.  We  know  that  exceedingly  toxic  substances  such 
as  the  amines  are  produced  in  the  intestine  by  the  action  of  bacteria 
on  certain  amino  acids.  It  seemed  that  the  presence  of  bacteria  should 
be  definitely  excluded  before  any  conclusions  were  made  regarding  the 
toxicity  of  the  secretion  as  it  is  formed  by  the  duodenal  cell  or  as  it  is 
found  in  the  lumen  of  the  intestine.  When  such  precautions  were 
taken — isolated  intestinal  loops  rendered  sterile  by  prolonged  drain- 
age into  the  abdominal  cavity — it  was  found  that  many  procedures, 
formation  of  closed  loop,  complete  occlusion  of  the  blood  supply  with 
resulting  autolysis  of  the  loop,  which  invariably  caused  severe  toxemia 
and  death  when  bacteria  were  not  excluded,  did  not  produce  any  no- 
ticeable symptoms. 

Does  the  duodenum  excrete  some  necessary  substance  in  the  duodenal 
juice,'  According  to  A.  P.  Matthews,  if  the  duodenal  juice  is  drained 
to  the  exterior  through  a  fistula,  death  always  retmlts  with  apparently 
the  same  symptoms  displayed  by  animals  following  a  complete  extirpa- 
tion of  the  duodenum.  The  duodenum  may  excrete  s:>me  necessary 
substance  in  the  duodenal  juice  which  is  normally  reabsorbed  by  the 
intestine  lower  down.  A  number  of  experiments  were  done  to  deter- 
mine this  point.  If  a  fistula  of  the  duodenum  below  the  entrance  of 
the  bile  and  pancreatic  ducts  (fig.  1)  l»e  made  the  animals  usually  die 
within  three  days.  • 
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If  however  the  operation  be  done  as  in  figure  2,  so  that  there  is  no 
blind  stump  of  the  first  part  of  the  duodenum,  some  of  the  animals  live 
indefinitely  and  show  no  untoward  symptoms  whatever.  The  secre- 
tions of  the  duodenal  mucosa  below  the  entrance  of  the  bile  and  pan- 
creatic ducts  do  not  contain  any  substance  necessary  to  the  organism. 

If  the  secretions  of  the  entire  duodenum  be  drained  by  means  of  an 
abdominal  fistula,  the  situation  is  similar  to  that  following  complete  ex- 
tirpation.   The  injury  to  the  liver,  pancreas  and  stomach  as  a  result  of 


Fig.  3 

the  operation,  together  with  the  loss  of  three  important  digestive  juices, 
presents  such. an  abnormal  situation  that  one  need  not  postulate  the 
loss  of  some  necessary  substance  to  explain  the  death  that  usually 
ensues.  A  number  of  dogs  were  operated  as  in  figure  3.  Most  of  the 
animals  died  within  three  days  but  two  lived  six  days  and  one  ten  days. 
»Dr.  James  J.  Moorhead  of  Chicago  was  able  to  keep  a  dog  twelve  days 
after  an  operation  similar  to  that  described  above.  In  addition  to  the 
disturbance  in  digestion  produced  by  the  deprivation  of  bile,  pancreatic 
and  duodenal  juice,  a  slight  occlusion  of  the  fistulous  opening  in  the 
skin  produces  a  dilatation  of  the  entire  duodenum,  which  in  itself  is  a 
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serious  condition.  For  this  reason  this  operation  was  not  as  successful 
as  complete  extirpation  of  the  duodenum.  There  is  no  evidence,  how- 
ever, that  the  duodenal  juice  contains  anything  vitally  necessary  to 
the  organism. 

CONCLUSIONS 

1.  Animals  can  survive  indefinitely  a  complete  extirpation  of  the 
combined  jejunum  and  ileum. 

2.  A  dog  was  kept  three  months  after  a  complete  removal  of  the  py- 
loric part  of  the  Btomach,  the  entire  duodenum  and  the  upper  jejunum. 
The  mucosa  of  this  region  of  the  digestive  tract  is  not  comparable  to  the 
adrenals  or  parathyroids  in  function. 

3.  The  normal  secretions  of  the  duodenum  and  jejunum  are  not  toxic. 

4.  When  bacteria  are  excluded  from  the  lumen  of  the  intestine,  vari- 
ous pathological  changes  even  to  complete  occlusion  of  the  blood  supply 
to  an  isolated  piece  of  intestine  with  resulting  autolysis  and  reabaorp- 
tion,  can  take  place  without  the  elaboration  of  sufficient  toxic  sub- 
stances in  the  cells  themselves  or  in  their  secretions  to  kill  the  animal. 

5.  The  duodenum  does  not  excrete  in  the  duodenal  juice  any  sub- 
stance necesssary  for  life  or  for  the  function  of  the  intestine  lower 
down. 
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This  paper  is  the  outcome  of  a  suggestion  by  the  Committee  on 
Physiology  of  the  National  Research  Council  that  the  author  investigate 
the  question  of  a  veno-pressor  mechanism.  It  was  believed  that  the 
derangement  of  such  a  mechanism  might  be  a  contributing  factor  in 
the  stasis  of  blood  which,  in  most  instances  at  least,  characterizes  the 
condition  of  shock. 

The  relationship  of  the  facte  observed  to  shock  has  not  been  studied. 
It  is  not  improbable  that  there  is  a  relationship  but  it  is  not  one  easy 
of  exact  demonstration.  The  facts,  however,  are  of  interest  in  them- 
selves and  their  bearing  upon  the  larger  problem,  if  there  is  such  bear- 
ing, may  be  left  to  the  future. 

EXPEBIMENTAL 

Dogs  were  used  and  the  experimental  results  are  limited  to  observa- 
tions on  the  sigmoidal  area  of  the  large  intestine,  approximately  8  cm. 
in  length.  The  part  receives  its  blood  supply  chiefly  through  a  large 
branch  of  the  inferior  mesenteric  artery  and  is  drained  by  a  good  sized 
mesenteric  vein.  It  is  innervated  by  a  nerve  trunk  originating  in  the 
inferior  mesenteric  ganglion  which  runs  to  the  gut  closely  adherent 
to  the  artery.  The  technical  procedure  followed  was  to  lay  double 
mass  ligatures  about  the  gut  and  to  cut  between  them  above  and  below 
this  area,  to  sever  the  intervening  mesentery  and  to  suspend  the  prepa- 
ration by  the  ligatures  about  either  end  so  that  it  hung  free  of  pressure 
disturbances  from  the  neighboring  coils  of  intestine.  The  vein  and 
artery  were  then  cannulated  and  the  blood  washed  out  of  all  the  vessels 
by  arterial  perfusion  with  warm  Ringer's  solution.  In  the  earlier  ex- 
periments this  washing  was  followed  by  perfusion  with  Ringer's  solu- 
tion containing  a  suspension  intended  to  produce  capillary  block.  In 
the  later  experiments  this  step  was  omitted  because  of  the  lack  of  as- 
surance that  the  block  was  in  the  capillaries  and  not  in  the  arterioles 
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at  a  point  such  that  contraction  of  these  vessels  might  contribute  to 
the  rise  of  pressure  in  the  vein.  A  further  reason  for  its  disc ontinuance 
was  that  the  rise  of  pressure  in  the  vein  occurred  whether  the  blocking 
suspension  was  introduced,  whether  the  artery  was  simply  clamped  or 
whether  the  artery  was  left  open.  The  final  practice  adopted  then  was 
to  leave  the  artery  open  and  it  was  assumed  that  if  arterial  contraction 
did  occur  it  would  tend  to  pass  the  contained  fluid  backward  through 
the  open  artery  rather  than  into  the  vein.  The  necessity  for  such  an 
assumption  is  unfortunate;  nevertheless,  since  the  pressure  on  the  ar- 
terial side  was,  by  the  procedure,  at  zero  or  even  below  zero  (the  open 
artery  hanging  down  from  the  suspended  gut)  while  the  pressure  on  the 
venous  side  was  6.0  to  10.0  cm.  of  water,  the  likelihood  of  arterial  con- 
striction contributing  to  the  rise  of  vein  pressure  is  small.  It  is  possible 
that  arterial  constriction  by  a  peristaltic  wave  may  sweep  fluid  onward 
into  the  capillaries  and  veins  even  when  the  arterial  pressure  is  extremely 
low.  But  such  activity  is  not  demonstrable  by  the  usual  methods  of 
studying  vasomotor  activity.  In  other  words,  vasoconstriction  as  usu- 
ally produced  is  accompanied  only  by  a  fall  in  venous  pressure.  I'nder 
the  experimental  conditions,  then,  the  observed  rise  of  venous  pressure 
whether  due  to  constriction  of  arterioles,  capillaries  or  veins  would 
seem  of  necessity  to  be  associated  with  a  veno-pressor  mechanism  since 
the  effect  is  to  produce  an  active  rise  of  venous  pressure. 

Attempt  was  made  to  produce  a  capillar)'  block  by  perfusion  through 
the  vein  instead  of  through  the  artery.  This  proved  to  be  impossible, 
as  has  been  noted  by  Mall,  because  of  the  valves.  After  the  artery 
was  relieved  of  the  excess  of  perfusion  pressure  there  was  apparently 
little  or  no  tendency  for  the  fluid  on  the  venous  side  to  leak  back,  pre- 
sumably because  of  valves,  as  indicated  by  the  stability  of  the  venous 
pressure. 

After  the  blood  was  completely  washed  out  of  the  vessels  the  vein 
was  connected  with  a  water  manometer  which  served  to  record  changes 
in  venous  tone.  In  most  of  the  experiments  in  addition  to  the  vein 
manometer  a  second  manometer  of  the  same  bore  was  connected  with 
the  lumen  of  the  intestine,  a  cannula  having  been  included  in  one  of  the 
mass  ligatures  for  this  purpose,  so  as  to  follow  concomitant  changes  of 
pressure  due  to  contraction  of  the  intestinal  musculature. 

The  pumping  action  of  the  intestinal  villi  observed  by  Hambleton  (1) 
as  a  possible  factor  in  the  venous  blood  pressure  changes  noted  in  these 
experiments  has  not  l>een  considered.  It  is  conceivable  that  such  a 
factor  is  involved  but  no  means  are  at  present  available  for  its  investi- 
gation. 
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THE    PERIPHERAL   MECHANISM 


With  the  preparation  as  above  described,  it  is  an  easy  matter  to 
demonstrate  the  peripheral  veno-pressor  mechanism.  Section  and  pe- 
ripheral stimulation  of  the  nerve  trunk  running  Irom  the  inferior  mesen- 
teric ganglion  to  the  part  under  investigation  almost  invariably  gives 
a  distinct  rise  of  pressure  in  the  vein  as  read  on  the  water  manometer. 
This  result  is  as  easily  obtained  if  the  preparation  is  entirely  removed 
from  the  body  and  the  reaction  may  be  obtained  for  an  astonishingly 
long  time.  In  an  experiment  directed  particularly  to  this  point  a  good 
reaction  was  shown  upon  faradic  stimulation  of  the  nerve  an  hour  and 
fifteen  minutes  after  the  circulation  was  isolated. 

In  a  series  of  experiments  notes  of  thirty-one  observations  were  pre- 
served showing  a  rise  of  vein  pressure  independent  of  pressure  changes 
within  the  lumen  of  the  gut.  There  is  usually  a  latent  period  of  some 
seconds  after  which  the  rise  of  pressure  sets  in.  The  rise  is  slow  and 
steady  and  if  the  stimulus  be  of  short  duration  may  reach  its  maximum 
some  time  after  the  irritation  has  been  removed.  On  the  other  hand  a 
protracted  stimulation  results  in  a  sustained  elevation  of  the  pressure. ' 
By  the  end  of  the  second  minute  of  such  stimulation  the  preparation 
shows  signs  of  fatigue  and  the  vein  pressure  begins  to  fall.  It  was  not 
determined  whether  this  fatigue  is  localized  in  the  nerve  fiber,  in  the 
vein  or  in  both. 

In  this  series  of  thirty-one  observations  the  rise  of  vein  pressure  in 
centimeters  of  water  was  as  follows:  2.0,  2.0,  3.25,  0.75,  1.0,  7.25,  4.5, 
4.5,  2.0,  2.5,  1.0,  0.75,  1.25,  0.75,  1.25,  0.75, 1.0,  1.5,  7.0,  5.0,  2.75,  2.25, 
0.75,  1.75,  1.5,  1.0,  2.0,  1.75,  0.75,  4.5,  5.5,  1.75  and  1.5  cm.  These 
figures  show  a  minimum  rise  of  0.75  cm.  and  a  maximum  rise  of  7.25 
cm.  Within  limits  the  strength  of  the  stimulus  determines  the  extent 
of  the  rise  of  pressure  but  the  chief  factor  appeared  to  be  the  condition 
of  irritability  of  the  preparation  for  at  times  the  strongest  stimulation 
fails  to  elicit  any  response  and  the  greatest  rise  is  not  necessarily  asso- 
ciated with  the  strongest  stimulus.  After  the  maximum  has  been 
reached  the  pressure  falls  back  slowly  so  that  the  curve  resembles  a 
curve  of  the  contraction  of  smooth  muscle. 

THE    CENTRAL   MECHANISM 

The  part  played  by  the  central  portion  of  the  veno-pressor  mechan- 
ism is  much  less  easy  of  demonstration.  This  was  studied  by  leaving  the 
nervous  connection  to  the  part  intact.    Time  and  again  when  the 
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peripheral  mechanism  gave  a  ready  response  to  direct  nerve  stimula- 
tion no  response  was  elicited  through  the  central  mechanism  so  that 
the  conviction  was  firmly  established  that  the  nerve  centers  controlling 
the  regulation  of  venous  tone  are  prone  to  lose  their  functional  power 
under  the  abnormal  conditions  established  by  the  experimental  pro- 
cedure. The  operative  exposure  of  the  abdominal  viscera  and  manipu- 
lations incident  to  the  procedure  subjected  the  anesthetized  animal  to 
extreme  sensory  stimulation  adequate,  it  may  be  assumed,  to  start  the 
train  of  events  which  ultimately  leads  to  the  condition  of  shock. 

Under  the  most  favorable  experimental  conditions  a  reflex  rise  of 
venous  pressure  was  demonstrable  but  it  could  not  be  demonstrated  re- 
peatedly and  was  never  demonstrated  late  in  an  experiment.  But  so 
far  as  the  actual  demonstration  of  the  existence  of  a  central  veno-motor 
mechanism  goes  and  aside  from  its  possible  significance  in  shock,  we 
are  concerned  wth  the  positive  evidence  of  central  regulation. 

The  line  of  attack  in  these  experiments  was  twofold:  to  study  the 
effect  upon  the  venous  pressure  of  nerve  section  or  of  section  of  the 
,  spinal  cord  (pithing)  and  of  central  stimulation  produced  by  sensory 
nerve  irritation  or  by  asphyxia. 

Fall  of  venous  pressure  incident  to  nerve  section.  The  simplest  method 
of  determining  the  presence  of  central  venous  tone  was  to  cut  the  nerve 
and  note  the  consequent  fall  in  venous  pressure.  This  procedure  was 
instituted  only  when  the  vein  manometer  gave  a  constant  reading. 
In  seven  experiments  the  fall  in  venous  pressure  was  noted  together  with 
the  time  required  for  the  manometer  to  again  give  a  constant  reading. 
The  results  were  as  follows:  2  minutes,  1.0  cm.;  4  minutes,  0.5  cm.; 
j  minute,  0.5  cm.;  19  minutes,  4.0  cm.;  9  minutes,  4.0  cm.;  J  minute, 
0.5  cm.  and  2  minutes,  0.5  cm. 

Fall  of  venous  pressure  incident  to  pithing.  The  animal  was  pithed 
by  passing  a  small  scalpel  through  the  tissues  at  the  base  of  the  skull 
and  transecting  the  cord  at  the  foramen  magnum.  The  affect  of  this 
procedure  was  usually  to  cause  a  transitory  rise  of  venous  pressure  fol- 
lowed by  a  slow  fall,  the  latter  being  tike  that  observed  upon  nerve 
section.  The  experiments  on  cord  transection,  as  above  described, 
three  in  number,  served  to  locate  the  central  vrno-pressor  n 
the  medulla.    The  results  were  as  follows: 

1.  After  15  minut™  pressure  felt  4.0  cm. 

2.  After    1  minute  pressure  rose  1.5  em. 
After  10  minutes  pressure  fell  3.25  cm.  below  original  level. 

8.  After    i  minute  pressure  rose  1.0  cm. 

After    0  minutes  pressure  fell  0.5  cm.  below  original  lerel. 
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Not  much  emphasis  is  to  be  laid  upon  these  results  or  upon  the  results 
of  nerve  section.  They  indicate  an  influence  of  a  medullary  center 
upon  the  venous  tone  but  the  evidence  is  not  so  striking  as  might  be 
wished  because  of  the  slowness  with  which  the  change  is  brought  about. 
Possibly  there  is  little  central  tone  under  the  experimental  conditions 
or  possibly  the  load-tension  on  the  vascular  muscle  was  insufficient 
to  cause  prompt  relaxation.  In  any  case  the  results  are  much  less 
convincing  than  those  which  exhibit  a  rise  in  pressure  upon  sensory 
stimulation. 

Rise  of  venous  pressure  incident  to  faradic  stimulus  of  saphenous  nerve. 
The  saphenous  was  chosen  as  a  convenient  sensory  nerve  for  the  study 
of  reflex  effects  upon  the  venous  blood  pressure  and  all  the  results  re- 
ported were  obtained  by  its  stimulation.  In  eight  experiments  twenty- 
two  observations  were  made  which  gave  a  rise  of  venous  pressure.  In 
these  the  rise  of  vein  pressure  in  centimeters  of  water  was  as  follows :  1 .0, 
0.5,  0.5,  0.75,  0.5,  2.0,  1.25,  1.5, 15,  2.0,  3.5,  2.0,  0.5,  1.5,  1.5, 1.0,  0.5, 
1.0,  0.5,  1.0,  0.5  and  0.75  cm.  These  figures  show  a  minimum  rise  of 
0.5  cm.  and  a  maximum  rise  of  3.5  cm.  In  the  case  of  the  peripheral 
mechanism  the  chief  factor  controlling  the  response  appeared  to  be 
the  irritability  of  the  preparation.  So  here,  in  the  case  of  the  central 
mechanism,  the  irritability  of  the  veno-presso  center  rather  than  the 
strength  of  stimulation  was  the  controlling  factor. 

It  will  be  noted  that  the  rise  of  pressure  produced  reflexly  by  sensory 
nerve  stimulation  is  generally  less  than  the  rise  produced  by  direct 
stimulation  of  the  veno-motor  nerve  fibers  themselves — the  maximum 
rise  for  the  latter  being  7.5  cm.  as  compared  with  3.5  cm.  for  the  former. 
This  was  not  unexpected  since  the  mediation  of  the  central  mechanism 
would  predicate  a  lesser  response.  It  should  perhaps  be  stated  that 
these  results  were  wholly  independent  of  pressure  changes  within  the 
lumen  of  the  gut  and  of  pressure  from  neighboring  viscera. 

Rise  of  venous  pressure  incident  to  asphyxiation.  Occlusion  of  the 
trachea  proved  to  be  the  most  satisfactory  way  of  producing  a  rise  of 
pressure  by  the  activation  of  the  veno-pressor  center.  Not  infre- 
quently when  sensory  nerve' stimulation  was  without  effect  a  consid- 
erable rise  in  vein  pressure  was  produced  by  asphyxiation  and  the  infer- 
ence is  made  that  asphyxia  is  the  more  potent  stimulus.  In  eight  experi- 
ments eleven  observations  were  made.  In  these  the  rise  of  venous 
pressure  in  centimeters  of  water  was  as  follows:  5.0,  2.75,  1.25,  2.5, 
1.5,  2.25,  4.5, 1.5,  4.0,  3.25  and  2.0  cm.  The  minimum  rise  was  1.25 
cm.  and  the  maximum  rise  was  4.5  cm.    In  several  experiments  a  pre- 
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liminary  slight  fall  in  pressure  was  noted  which  must  have  been  produced 
by  a  transitory  loss  in  central  tone.  This  fall,  however,  shortly  gave 
place  to  a  rise  in  pressure  which  sometimes  progressed  beyond  the  period 
of  occlusion  of  the  trachea.  In  two  experiments  the  manometer  read- 
ings were  strikingly  confirmed  by  observation  of  the  intact  loops  of  intes- 
tine lying  near  the  preparation.  In  the  beginning  the  larger  veins 
particularly  along  the  mesenteric  border  were  distended  and  conspicu- 
ous. As  asphyxia  progressed  these  veinB  decreased  in  sise  and  became 
relatively  inconspicuous.  Along  with  this  change  in  the  appearance  of 
the  veins  the  intestine  became  blanched.  This  change  in  the  appear- 
ance of  the  veins  can  not  be  explained  by  an  asphyxia!  constriction  of 
the  arterioles  because  this  would  not  empty  the  veins  and  in  the  present 
case  the  writhing  movements  which  accompany  asphyxia  were  unusu- 
ally slight  and  did  not  appear  until  after  the  change  described  in  the  veins 
had  developed.  A  similar  change  in  the  veins  in  the  part  connected 
with  the  manometer  was  not  apparent  because  these  veins  had  been 
washed  free  of  blood  and  were  therefore  relatively  inconspicuous.  The 
veins  which  showed  this  reaction  were,  of  course,  filled  with  asphyxia) 
blood  and  it  is  possible  to  explain  the  constriction  on  Henderson's  hy- 
pothesis (2)  of  the  chemical  veno-constrictor  effect  of  carbon  dioxide. 
The  writer  is  not,  however,  impressed  by  this  hypothesis  especially 
because  of  repeated  confirmation  of  Bayliss'  earlier  observation  that 
carbon  dioxide  relaxes  vascular  muscle  (3).  In  view  of  the  results  re- 
ported in  this  paper  it  seems  very  probable  that  the  constriction  noted 
in  the  veins  was  associated  with  the  central  (nervous)  effect  of  the 
asphyxia. 

In  the  asphyxia  experiments  as  well  as  in  the  experiments  dealing 
with  saphenous  stimulation  care  was  necessary  lest  the  excessive  respi- 
ratory movements  result  in  compression  of  the  preparation  in  such  a 
way  as  lo  raise  passively  the  vein  pressure.  To  obtain  assurance  that 
such  a  passive  factor  was  not  in  force  unknown  to  the  observer  an  ex- 
periment was  performed  in  which  after  obtaining  an  asphyxia!  rise  of 
vein  pressure  in  the  usual  manner  the  nerve  to  the  part  was  cut  and 
asphyxia  again  instituted.  With  the  nerve  cut  an  extreme  asphyxia 
was  entirely  without  effect  upon  the  vein  pressure. 

INTESTINAL  MECHANISM 

I'nder  this  heading  arc  considered  observat  ions  in  which  act  ivechanges 
in  the  intestinal  musculature  obviously  contributed  or  at  least  occurred 
coincident!}'  with  considerable  alterations  of  the  vein  pressure.     The 
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data  at  hand  are  quite  limited  and  no  effort  was  made  to  study  the 
condition  carefully.  In  the  cases  in  which  it  occurred  the  vagi  were 
intact  and  ether  alone  was  used  for  anesthesia.  It  would  seem  that 
under  certain  conditions  intestinal  movements  may  materially  influence 
the  movement  of  blood  in  the  portal  system  as  suggested  by  Mall. 
At  times  the  pressure  within  the  intestinal  loop  remains  unchanged  dur- 
ing a  rise  of  vein  pressure,  at  times  it  shows  a  decided  fall  and  at 
times  again  it  may  show  a  decided  rise.  To  give  an  example  which 
shows  the  coincident  rise  of  both  loop  and  vein  pressures  it  was  found 
that  with  vagi  intact  and  with  ether  alone  as  anesthesia,  stimulation  of 
the  saphenous  nerve  and  asphyxia  gave  the  following  pressure  changes: 


First  saphenous  stimulation . .. 
Second  saphenous  stimulation. 
Third  saphenous  stimulation. . 
Occlusion  of  trachea 


It  is  clear  that  in  a  case  such  as  this  the  rise  of  vein  pressure  is  prob- 
ably in  large  part  at  least  passive.  This  function  of  intestinal  move- 
ment may  well  be  of  significance  under  normal  conditions  although  it 
is  not  to  be  regarded  as  essential  to  the  veno-pressor  mechanism. 

The  reader  will  appreciate  that  the  results  given  above  represent  an 
extension  of  the  observations  made  by  Mall  in  1896  (4).  Mall 
showed  that  splanchnic  stimulation  causes  constriction  of  the  portal  vein 
and  its  tributaries.  Recently  Burton-Opitz  (5)  has  confirmed  these 
observations  by  another  method.  Mall,  then,  demonstrated  the  ex- 
istence of  a  peripheral  veno-pressor  mechanism  and  it  was  a  natural 
inference  that  such  a  mechanism  should  be  under  central  and  therefore 
reflex  control. 

Recent  contributions  to  the  shock  problem  (6)  emphasize  a  chemical 
factor  as  determining  the  failure  of  the  circulation.  According  to  this 
view  some  toxic  metabolic  product  dilates  the  capillaries  and  venules 
producing  a  peripheral  stasis  of  blood.  That  a  nervous  control  is  not 
to  be  excluded  is  indicated  by  the  experiments  of  Cotton,  Slade  and 
Lewis  (7)  which  show  that  these  small  vessels  respond  to  stimulation 
as  was  shown  by  Strieker  in  1865  (8).     It  is  possible  that  both  nervous 
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